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PREFACE 

This memorandum, the fifth of a series of seven technical memoranda on the 
Baltimore Regional Environmental Impact Study (BREIS) prepared for the 
Interstate Division for Baltimore City (IDBC) , describes the assumptions, 
methodology, and findings for noise analysis. 

The other technical memoranda are: 

1 — Socioeconomic and Land Use Analysis 

2 — Travel Simulation and Traffic Analysis 

3 — Air Quality Analysis 

4 — Water Resource and Solid Waste Analysis 

6 — Analysis of Environmentally Sensitive Areas 

7 — Summary Analysis and Evaluation 

In addition to IDBC, the Baltimore Regional Planning Council and the Maryland 
Department of Transportation, including the Mass Transit Administration, 

have been active participants in the study. Other agencies which have assisted 
in the project include: 

• Maryland Department of Health and Mental Hygiene, Bureau 
of Air Quality Control 

Maryland Department of Natural Resources 

Maryland Department of State Planning 

Baltimore City, Department of Planning 

Baltimore City, Department of Transit and Traffic 

Baltimore City, Department of Health 

U.S. Federal Highway Administration 

U.S. Environmental Protection Agency 

Undertaking the effort was a multidisciplinary team consisting of Alan M . 
Voorhees & Associates, Inc., with overall responsibility for the study, in 
conjunction with: 

• Environmental Systems Laboratory — Noise Analysis 

in 



Jason M. Cortell and Associates, Inc. — Environmentally Sensitive 

Areas 

Economics Research Associates — Economic Analysis 

Dr. David Marks, Resource Analysis, Inc. — Water Resources 
& Solid Waste 

Dr. Gerhard Israel, University of Maryland — Meteorology 

iv 
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I. BACKGROUND 

This study, initiated in the spring of 1973, was the culmination of a series 
of events related to transportation systems planning and highway construction 
that had occurred over a number of years in the Baltimore region. The 
following brief statement outlines the events leading up to the study to 
provide a context within which the results of the study should be reviewed. 

The highway system which is the subject of this study was defined in a 
previous comprehensive study of the Interstate plan in Baltimore by Urban 

Design Concepts Associates, (1) as well as in several other planning studies 
that preceded it. (2) This system, shown in Figure I-l, is known as the 
3-A system. It was adopted in 1969 by the Baltimore Planning Commission 
and subsequently approved by the Regional Planning Council (RPC) for 
inclusion in the General Development Plan. The 3-A system consists of 
several segments of I-70N, 1-83, 1-95, the 1-395 and 1-170 spurs, and City 
Boulevard, an arterial link not on the Federal Interstate System. In the 
spring of 1973, the following portions of the system were complete: 

• I-7 ON was constructed to the City line 

• 1-95 was constructed to Caton Avenue just inside the City 
line on the south and was under construction on the east 
side in the vicinity of the Harbor Tunnel Thruway to O'Donnell 
Street 

• 1-83 (Jones Falls Expressway) was constructed on the north 
to a point near Eager Street. 

In addition, several other segments had received design approval. 

With theipassage of the National Environmental Policy Act of 1969 (NEPA) , 
many of the environmental concerns which had been expressed by various 
groups in the Baltimore region received official recognition. Section 102 (2) (C) 
of this act requires a detailed statement for any proposed federal action 

affecting the environment, including: 

• The environmental impact of the proposed action 

• Any adverse environmental effects which cannot be avoided 
should the proposal be implemented 
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Figure 1-1. Baltimore 3A System 
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• The relationships between the local short-term uses of man's 

environment and the maintenance of long-term productivity 

• Any irreversible and irretrievable commitments of resources 
that would be involved in the proposed action should it be 

implemented 

For federal highway construction, these requirements were reinforced 

by provisions of the Federal-aid Highway Act of 1970 (Section 136), the 
Department of Transportation Act as amended (Section 4(f)) , the Clean 
Air Act Amendments of 1970, and the Historic Preservation Act of 1966. 
The Federal Highway Administration (FHWA) , in its Policy and Procedures 
Memorandum 90-1, has directed that these provisions be fulfilled by highway 
agencies for each highway construction project. 

In response to these new requirements, the Maryland Department of Trans- 
portation (MdDOT) has submitted a draft environmental impact statement 
(EIS) for each segment of the 3-A system as it reached the location and 
design approval stage. The segments of the 3-A system for which environ- 

mental impact statements have been prepared are shown in Figure 1-2. 

However, a citizen suit was filed in 1972 against the U.S. Department 

of Transportation (Movement Against Destruction (MAD) vs. Volpe) charging 
that the 3-A system as a whole represented a significant federal action 
and that a regional environmental impact statement should be filed in addition 
to separate statements for each facility. Another question, relating to 
the Franklin-Mulberry Corridor (1-170) asserted that the EIS process 
had not been sufficient to meet NEPA and other federal requirements. 
Rights-of-way had been purchased in this corridor, and the City would 
be required to return over $5 million to FHWA if construction on this segment 
did not begin by June 30, 1973. 

Two other cases (Sierra Club, Inc. vs. Volpe and Lukowski vs. Volpe) , 
also questioning the adequacy of the EIS process, were then pending in 
the courts. It was agreed that the relevant portions of all these cases would 
be heard concurrently on April 16, 1973. 

As a result of this hearing, the court found on June 22, 1973 that "the 
applicable law does not require that an environmental impact statement 
be prepared for the 3-A system as such." Further, "components of the 
3-A system are not necessarily so interdependent as to require the con - 

struction of all the 3-A system or none of it." The court continued that: 

1-3 





It may be wise for the city, state and federal authorities to prepare 
in the near future a statement which considers those environmental 
impacts that should be determined with respect to the entire con- 
figuration, or major portions thereof. Such a statement would be 
included in one or more of the EISs which will have to be prepared 
in the future for other sections of the highways in the 3-A system 

and which will, of course, also include and consider those environ- 
mental impacts that should properly be determined section by section 
or road by road. (3) 

As a result of this decision, construction began in the disputed section 
of the Franklin-Mulberry Corridor on June 22, 1973 . 

Concurrent with the legal contest, the U.S. Environmental Protection Agency 
(EPA) was stressing the need for a regional environmental analysis for 
the 3-A system. In September 1972, based on a series of discussions, 
a consensus agreement between EPA and FHWA was reached. This agreement 
provided in part: 

• For all remaining segments of the 3-A system under environmental 
review neither PS&E (plans, specifications and estimates) 
approval nor further right-of-way approval would be granted 

by FHWA until a regional impact consideration statement was 
prepared and circulated to FHWA, EPA, the U.S. Department 
of Transportation, and the Maryland Department of Health 
and Mental Hygiene, Bureau of Air Quality Control (BAQC) . 

• That the regional impact consideration statement will address 
those regional issues, identified by EPA in its various reviews, 
that cannot be addressed on a project basis and will include 
as a minimum: 

1. Cumulative (regional) air pollution impact of the various 
stages of completion of the currently envisioned 3-A 
system (including the MTA system) in the years 1978, 
1980, 1985, and 1990. 

2. A detailed discussion of possible modifications to the 
proposed system to mitigate air pollution problems. 
The effect of these changes on land use and local traffic 
patterns should be discussed. These modifications 
should include the options of: 
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Increased highway access to the MTA system 

Impact of elimination of various segments of 

the 3-A system 
Optimization of construction scheduling to minimize 
saturation of local street systems 

Impact of the no-build-alternative 

It is in response to these actions and the desire of regional and local agencies 

to understand the socioeconomic, traffic, and environmental implications 
of the 3-A plan that the study presented in this series of reports is directed. 

STUDY ORGANIZATION AND PLAN 

The study was programmed for completion in approximately six months. 
The conduct of the study, under the direction of the Interstate Division 
for Baltimore City (IDBC) , was a joint effort by the consultant team and 
other regional and local agencies. Some of the work for this study was 
accomplished by RPC and MdDOT, with assistance from AMY, as part 
ofthe"3-C" (cooperative, comprehensive, and continuing) planning process 
element of the Unified Transportation Planning Program in the Baltimore 
region. 

The study process outlined in Figure 1-3 was directed toward the measurement 
of several regional environmental features through which the examination 
of the estimated future impacts that the 3-A system would have on: 

• Socioeconomic and land use factors 

• Traffic and travel demand 

• Air quality 

• Noise pollution 

• Water resources and solid waste 

• Ecologically sensitive areas 

To provide a basis for determining the extent to which future environmental 
conditions were related to the 3-A system as opposed to other factors, 
such as growth in population, the environmental consequences of several 
alternative transportation systems, including a "no-build" option, were 
also studied. These alternatives were devised jointly by the various agencies 
associated with the study, both as alternatives to the 3-A system and as 
a basis for determining the regional environmental consequences of major 
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Figure 1-3. 

BREIS-PROCESS FOR EVALUATION OF ALTERNATIVES 
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components of that system. These alternatives were selected to isolate 

various conditions and assess their impact on the region . One of the signifi- 

cant features of this procedure is that land use and socioeconomic activity 
policies were varied separately for each transportation alternative studied. 

This permitted an assessment of the predicted effects of changes in urbaniza- 
tion due to transportation policy on the region and demonstrates the interrela- 
tionships between transportation and land use. 

The study area includes the jurisdictions represented in the RFC — Baltimore 
City, and Baltimore, Anne Arundel, Carroll, Harford, and Howard Counties, 
as shown in Figure 1-4. A comprehensive General Development Plan (GDP), 

which includes a land use pattern element, was adopted for the region 

in December 1972. It includes the full 3-A system, numerous freeways 
and other highways outside the City of Baltimore, and a regional rapid 
transit system comprised of six major lines. This plan serves as one alter - 
native and is the basis for the examination of alternative transportation 
and land use assumptions for future years. 

DESCRIPTION OF ALTERNATIVES : 

The transportation and land-use alternatives studied consist of three systems 
for 1980 and four systems for 1995. These alternative systems are shown in 
Table 1-1 and are briefly described below. A tear-out copy of Table I-1, 
which can be used as a reference while reading this report, can be found at 

the end of Chapter I. 

Originally the study plan included a 1978 system for analysis based on 
the premise that all of the 3-A system except the Fort McHenry bypass 
could be completed by 1978; however, since the Phase I rapid transit 
lines would not be completed until 1980 and since revisions to contemplated 
construction schedules by IDBC have made the 1978 date meaningless, 
this was eliminated in favor of analyzing the no-build system in 1995. 
RPC and MdDOT will continue the analysis for 1978, if necessary. 

Phase I rapid transit will consist of 28 miles of rail running northwest 
to Owings Mills and south to Glen Burnie. All 1980 alternatives include 
the Phase I rapid transit; all 1995 alternatives are based on the GDP and 
include the full 6-legged rapid transit system, as well as an augmented 
bus system. 

The differences among the 1980 alternatives are related to the 3-A system— 
in Alternative 3 the full 3-A system is assumed to be completed; in Alterna- 
tive 4 the 3-A system will be completed except for the Fort McHenry Crossing 
and only existing Interstate facilities or those under construction were 
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Figure 1-4. Study Area—Baltimore Regional Environmental Impact Study 
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Table 1-1. 

TRANSPORTATION ALTERNATIVES FOR BALTIMORE 

REGIONAL ENVIRONMENTAL IMPACT STUDY 

ALTERNATIVE YEAR 
HIGHWAY ASSUMPTION RAPID TRANSIT 

ASSUMPTION 
3-A INTERSTATE OTHER HIGHWAYS 

1 

*2 

3 

4 

5 

6 

7 

8 

9 

1970 

1978 

1980 

1980 

1980 

1995 

1995 

1995 

1995 

Existing 

Existing and 
Programmed 

Complete 

Partial 

Existing 
and under 
construction 

Complete 

Existing 
and under 
construction 

Complete 

Existing 
and under 
construction 

Existing 

Existing and 
Programmed 

Existing and 
Programmed 

Existing and 
Programmed 

Existing and 
Programmed 

GDP 

GDP 

Existing 
and under 
construction 

Existing 
and under 
construction 

None 

Phase I 

Phase I 

Phase I 

Phase I 

GDP 

GDP 

GDP 

GDP 

•Eliminated in favor of Alternative 9. 
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assumed in Alternative 5. Other programmed highway improvements 
which were assumed to be operational by 1980 include the Northwest Freeway 
and the Outer Harbor Crossing which is part of the Baltimore Beltway 

(1-695). The John F. Kennedy Expressway (1-95) northeast of Baltimore 
has been widened since 1970. 

In 1995, the differences concern not only the 3-A, but also other planned 
GDP highway improvements. Examples include, in addition to those completed 
in 1980, construction of the Perring Freeway northeast of the City; upgrading 
and extension of U. S . 29 and the southern portion of Maryland Route 3; 
and widening of other facilities including U.S. 40, the Baltimore-Washington 
Parkway, U.S. Route 1, the Arundel Freeway, and Hilton Street in Baltimore 
City. 

Alternative 6 includes the completed 3-A system and other GDP highway 
improvements while Alternative 7 includes GDP improvements with the 
exception of the 3-A system. Alternative 8 includes the 3-A, but no other 
GDP highway improvements except those under construction. Alternative 9 
does not include either the 3-A or other GDP highway improvements except 
those under construction. 

GENERAL ASSUMPTIONS AND DEFINITIONS 

A number of assumptions have been made jointly by IDBC and the study 

team throughout the conduct of this study. Those which relate to specific 
areas are stated and described in the appropriate technical memorandum. 
One general assumption is that no special transportation control strategies 
to reduce air pollution, except Federal Motor Vehicle Controls, are represented 
in any of the alternatives. At the time of the study no State Implementation 
Plan to reduce mobile source emissions in the Baltimore region had been 
formally adopted. 

For purposes of analysis the region was divided into 94 Regional Planning 
Districts (RPDs) and the urbanized area was further divided into 498 trans- 
portation zones. The transportation analysis is concentrated within the 
area comprising the 1964 Baltimore Metropolitan Area Transportation Study 
(BMATS) as shown in Figure 1-5. 

STUDY RESULTS 

The purpose for the Baltimore Regional Environmental Impact Study has 
been outlined in the preceding discussion. The role of the study in the 
region has been stated in the U.S. District Court decision of June 22, 
1973 (3): 
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Figure 1-5. BMATS Study Area 
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The study has developed into a future planning tool for RFC and 
Maryland DOT. Many state agencies, such as State Planning, State 
Health, City Planning and City Health, in addition to RPC and Maryland 
DOT, will have a use for the study when completed. It will be a 
data base and data resource document that can be used for possibly 
setting future transportation policies and other policies within the 
Baltimore Metropolitan region. 

The study results will be framed to answer the following broad questions: 

• What were the regional environmental problems in 1970? 

• Will there be regional environmental problems in the short- 
term (1980) with the 3-A system? Without the 3-A system? 

• Will there be regional environmental problems in the long- 
term (1995) with the 3-A system? Without the 3-A system? 
With the GDP highway plan? 

• What are the regional differences between alternatives? 

• What regional effects can be attributed to the 3-A system? 

• Is there a need for further study? 
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TRANSPORTATION ALTERNATIVES FOR BALTIMORE 

REGIONAL ENVIRONMENTAL IMPACT STUDY 

ALTERNATIVE YEAR 
HIGHWAY ASSUMPTION RAPID TRANSIT 

ASSUMPTION 
3-A INTERSTATE OTHER HIGHWAYS 

1 

*2 

3 

4 

5 

6 

7 

8 

9 

1970 

1978 

1980 

1980 

1980 

1995 

1995 

1995 

1995 

Existing 

Existing and 
Programmed 

Complete 

Partial 

Existing 
and under 
construction 

Complete 

Existing 
and under 
construction 

Complete 

Existing 
and under 
construction 

Existing 

Existing and 
Programmed 

Existing and 
Programmed 

Existing and 
Programmed 

Existing and 
Programmed 

GDP 

GDP 

Existing 
and under 
construction 

Existing 
and under 
construction 

None 

Phase I 

Phase I 

Phase I 

Phase I 

GDP 

GDP 

GDP 

GDP 

*Eliminated in favor of Alternative 9. 
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II. OVERVIEW 

The goal of the noise study conducted in the Baltimore region was to develop 
an objective index of community noise impact and to employ this index 
to rank the relative impact among the alternative Baltimore Regional Environ - 
mental Impact Study (BREIS) transportation and land use plans. In addition, 

abatement measures which will significantly reduce noise impact have 
been defined. 

The first step was to determine a working definition of noise. Noise has 
been defined as unwanted sounds which exceed the levels specified by 
the Federal Highway Administration in their recent memorandum (PPM-90-2) . 

Two community noise impact indices have been developed. One is the 
number of hours per day an average individual in a given geographical 
area and activity is exposed to noise levels above a certain standard, i.e., 
the per capita community noise dosage for a given land use. The second 
index is the total number of hours per day all individuals in a given geographical 
area and activity are exposed to noise levels above a certain standard, 
i.e., the total person-hour community noise dosage. 

The selected geographical areas are based on the political jurisdictions 
in the BREIS study area—Baltimore City and the four outlying counties. 
The activities are based on four land use classes: residential, commercial, 
institutional, and industrial. 

The noise impact indices (i.e., the community dosages) were calculated 
using a computer program which accepts as input the land use and traffic 
data generated by the BREIS study (see Technical Memoranda No. 1 and 
No. 2) , and uses a sound propagation program to predict the extent of 

noise impact. The sound propagation program was validated by extensive 
field tests in the study area and is consistent with the recommended prediction 
methodology as specified by the Federal Highway Administration Report 
117. The contribution of additional sound from the planned rail transit 
system was considered; the limited information available at this time indicates 
that a relatively minor contribution to the community noise levels will 
be produced directly by the rail transit system. 

Independent of the relative ranking, the analysis indicates several important 
characteristics of community noise dosage in the study area. The primary 
source of noise at most locations in the study area is from roadway vehicles. 
The present and projected per capita residential noise dosage inside 
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Baltimore City is an order of magnitude greater than that in the rest of 

the Baltimore Metropolitan Area Transportation Study (BMATS) area, 
whereas the institutional, industrial, and commercial per capita dosages 
are comparable throughout the entire BMATS area. The proximity of these 
latter land use categories to roadways both inside and outside Baltimore 

City accounts for this similarity, while the dense build-up in the City 
places many residential areas near roadways. 

Throughout the study area, except for residential land usage, the greatest 
per capita noise dosage occurs during the day (7:00 a.m. to 6: 00 p.m.) . 

The high traffic levels and occupancy of non-residential land use areas 
during these hours produce this effect. In addition, the installation of 
noise abatement devices along much of the 3-A system significantly reduces 
the direct noise intrusion from the 3-A system. 

Background sound levels were also calculated for the alternatives. The 

contribution to the background sound level from roadway vehicles depends 

on the ratio of vehicle miles traveled per acre and total number of street 
miles per acre. In Baltimore City, the primary background sound source 
is roadway vehicular activity, whereas in many of the outlying districts 
(particularly outside BMATS) the natural generators of sounds such as 

wildlife and wind produce the primary contribution to background sounds. 

The predominance of traffic noise in the background will also apply to 
all forecast years. 

In general, the per capita residential dosage has been considered the most 
representative index of noise impact. This index is used to rank the alter- 
natives and to evaluate their implications. In this study, it is noted that 
the relative change in this dosage is usually limited to several percent 
among the various alternatives. Using the per capita residential dosage, 
and keeping in mind the small relative differences, the following comparisons 
among the alternatives have been established. 

1. All future alternatives result in a smaller noise impact (per 
capita noise dosage) for the entire BMATS area. 

2. The construction of the 3-A System increases the noise impact 
(per capita noise dosage) in Baltimore City although the planned 
extensive noise abatement devices assist in minimizing the 
impact. Thus, as shown in Figure II-la, the alternatives 
with the 3-A System produce the highest per capita dosage 
inside Baltimore City. 
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FIGURE 11-1 PER CAPITA RESIDENTIAL NOISE DOSAGE-BMATS AREA BY ALTERNATIVE 
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3. The contribution of the GDP improvements increases the noise 

impact outside Baltimore City. Thus, as shown in Figure 
H- lb, the alternatives involving the contribution of the GDP 

improvement plan produce the greatest per capita noise dosage 
outside Baltimore City. 

4. For the region considered as a whole (described in Figure 

II-lc) in the short term (1980), Alternative 5 (no 3-A) produces 
the least per capita noise dosage by approximately 4 percent 
with only minor differences in the relative ranking between 

Alternatives 3 (Complete 3-A) and 4 (3-A less Fort McHenry 

Crossing) . In the long term (1995), Alternative 7 (no 3-A, 
all other GDP improvements) produces the least noise impact. 
The addition of the 3-A System (Alternative 8—3-A and other 
GDP improvements) ranks second, producing a 7 percent 

increase in per capita noise dosage. 

Independent of the selection of a specific alternative, several action items 
could be undertaken to minimize the noise impact: 

1. Traffic controls (e.g., speed control, synchronization of 
traffic lights, widening of streets, etc.) which would minimize 

the generation of vehicular noise can significantly reduce 
sound levels. 

2. The assignment of bus and truck routes to selected roadways 
will significantly reduce noise levels along corridors where 
trucks and buses can be eliminated. 

3. Land use controls (e.g., location of roadside development, 
development designs, construction material, etc.) can significantly 
reduce actual noise exposure of people in the vicinity of the 
road facility. 

4. The installation of noise abatement devices over sensitive 
segments of the GDP Improvement Plan can significantly reduce 
noise levels in the vicinity of the roadway. Such devices 
could be similar to those planned for the 3-A system. 
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HI. INTRODUCTION 

This technical memorandum describes the assumptions, analyses and results 
regarding the noise impact under the BREIS alternative transportation 
and land use plans. This introduction first defines noise and then discusses 
the methodology employed to predict noise levels and the community noise 
impact for each alternative. 

DEFINITION OF NOISE 

A noise is usually defined as a sound which is unwanted, annoying, or 
disturbing. Since individuals often respond differently to the same sound, 
the perception of annoyance varies among individuals. An extreme example 
of this fact is demonstrated in the unusual case where a man built his home 
as close as allowable to the Seattle-Tacoma International Airport because 
he enjoyed hearing the roar of jet aircraft sounds. Clearly, most people 
would have found these levels extremely annoying and would describe 
the intense jet aircraft sounds as noise. 

Community sound levels are usually measured and described by the dBA 
scale, which is a logarithmic, rather than linear, measure of sound intensity. 
In addition, the scale is weighted to adjust for the average human auditory 
response to sounds. Table III-l lists representative examples of common 

sounds and their dBA levels. As can be seen from this figure, most common 

sound levels are between 40 and 80 dBA. For example, a normal conversation 
has a sound level of 60 dBA; a garbage disposal produces a sound level 
of 80 dBA; and a jet aircraft flyover at 1000 feet produces a sound level 
of 100 dBA. The dBA scale has been used in this study to define sound 
levels. 

Because of the logarithmic nature of the dBA scale, when the actual sound 
energy intensity or the number of sound sources is increased by a factor 

of two, an increase of 3 dBA in sound levels results. Thus, if at some 
distance from a particular sound source a 70-dBA level is heard, then 
the addition of another similar independent source will cause the sound 
level to increase to 73 dBA. A 10-dBA increase in sound levels denotes 
a factor of 10 greater intensity; a 20-dBA increase in sound levels denotes 
a factor of 100 greater intensity. However, the psychological response 
of a majority of people to a 10-dBA increase in sound is to sense "a doubling" 
of the sound level. A 1- or 2-dBA change in sound level is not discernible 
by most people. 

Although individual response to sound varies, general indices of noise 
can be established for the human population as a whole. There are two 
different categories of effects of noise upon people — psychological and 
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TABLE III-l 

ILLUSTRATIVE SOUND LEVELS MEASURED IN dBA 

Physiological Reaction 

Threshold of Pain 

Auditory Damage+ 

Onset of Auditory Damage* 

Threshold of Hearing 

Level 

120 

110 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 

Common Representative Sounds 

Jet flyover at 1000 feet 

Jackhammer heard at 25 feet 

Garbage disposal heard at 3 feet 

Vacuum cleaner heard at 3 feet 

Busy restaurant 

Normal speech heard at 10 feet 
Window air conditioner at 10 feet 

Quiet office 

Residential areas at night 

Studio for sound pictures 

+ Auditory damage level as defined by the Walsh-Healy Act is an 8-hour 
exposure to 90 dBA. 

*According to the EPA "Legal Compilation, " 8-hour exposure to 80 dBA 

levels are potentially hazardous to some individuals. 
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physiological. The psychological effects are dependent upon the individual 
and the characteristics of the sound other than its intensity. People who 
work in a high occupational noise climate may be less sensitive to community 
noise intrusion. Also, continuous noise has been found to be less annoying 
than intermittent noise. Certain sounds interfere with speech communication, 
and these sounds are often considered annoying. The activity in which 
the person is involved also determines his or her sensitivity to noise. 
Typically, people are not as sensitive to noise when working or shopping 
as when residing at home or studying at school. 

The physiological effects include sleep intrusion, vasoconstriction (constric- 
tion of veins), and loss of hearing. Sleep intrusion occurs when noise 
causes a person either to waken or when it changes the depth of sleep. 
The levels that cause sleep intrusion and actual harm have not been determined. 

Vasoconstriction occurs for sound levels over 70 dBA and the degree of 
constriction is proportional to the number of decibels by vehicle the level 
exceeds 70. Vasoconstriction is presently considered only potentially 
dangerous. 

Hearing loss depends on sound intensity level and derivation. It is believed 
that exposure to a sound level of greater than 80 dBA for 8 hours a day 
can cause hearing loss. 

NOISE LEVELS 

Community annoyance from traffic sounds is related to both the intensity 
and fluctuation in intensity of such sounds. Close correlation between 
annoyance and the sound pressure level exceeded ten percent of the time 
(Lj 0^) has been established in previous studies. This criterion has been 
selected by the Federal Highway Administration to index the standards. 
In order to explain the meaning of L10, consider a 10-minute segment 
of traffic sound which varies in intensity as clusters of automobiles, or 
a single large truck, pass by the observation point. For a total of one 
minute out of the 10-minute segment, (i.e., 10 percent of the time) the 
sound pressure level exceeds some specific intensity value; this value 
is called the L .. 

i o 

COMMUNITY NOISE ANALYSIS 

The primary objective of this study is to develop a set of quantitative criteria 
for evaluating the community impact of noise in the study area and to employ 
these criteria to determine relative effects of the various transportation 
and land use alternatives. 
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The first phase of the study was to adequately understand the present 

sounds in the area. Previous studies have been performed regarding 
the noise impact of the 3-A system in various neighborhoods and at certain 
receptor locations. (1) However, the scope of these previous studies did 

not evaluate the noise impact to the entire community. For example, although 
it is possible to protect the area immediately proximate to the highway 
from significant noise intrusion by installing the proper noise abatement 
devices, the freeway link may substantially alter traffic flows on other 
streets. The potential change in noise impact from this traffic modification 
must be explicitly addressed in order to assess the net noise impact on 
the community. Previous studies often failed to account for this. Although 
installation of adequate highway abatement devices may be sufficient to 

reduce noise levels originating from the freeway, in some locations, community 

noise may increase due to induced traffic on adjacent roads. 

The present study involved field measurements to determine the sound 
levels and sources of sound at locations in the study area removed from 

the immediate vicinity of either the 3-A system expressways or other major 
roads. In addition, the field measurements were used to calibrate and 
substantiate the sound propagation program . 

The criteria selected for evaluating noise impact are: 

• Community dosage of excessive noise levels expressed as 

the number of people hours the afflicted population is exposed. 

• Community dosage of excessive noise levels expressed as 

the number of people hours per capita, by category of receptor 
population. 

Excessive noise levels, illustrated in Table III-2, are defined in the recent 
Federal Highway Administration (FHWA) Policy and Procedure Memorandum 
(PPM 90-2) . This document is reproduced in Appendix A, and Table in-2 

summarizes the noise guidelines . 

Criteria such as these differentiate between sounds produced by highway 
traffic in vacant areas and those produced in occupied areas. Land use 

information and roadway traffic are accounted for in this procedure. 
The calculation of community noise impact is a complex procedure performed 
by a computer program. This study employed the ESL sound propagation 
model, which is described in Appendix B. The model is consistent with 
the Highway Research Board Report 117, which is the standard prediction 
methodology designated by the Federal Highway Administration. 
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The traffic and land use data in the noise analysis are the basic inputs 
for the community dosage calculation. The derivation of these data are 

described in Technical Memorandum No. 1, "Socioeconomic and Land Use 
Anlysis", and Technical Memorandum No. 2, "Traffic and Travel Analysis" . 
The traffic data is confined to the BMATS study area shown in Figure 1-5. 

The projected 24-hour average daily traffic (ADT) volumes over the entire 
roadway network, the projected land use classes by Regional Planning 

District (RPD) , and the estimated percent of ADT per hour are input require - 
ments for the program. This program can, therefore, assess the interactions 

among the various decision parameters (i.e., input requirements) in determining 
the community noise dosage. 

In areas of the Baltimore region where detailed land use and traffic data 
are not available, the noise dosage could not be calculated. For these 
cases, the criterion was the sound level near a typical roadway. 

The first criterion, community dosage of noise, is measured in terms of 
the number of person hours exposed to a noise level in excess of some 
standard level. For example, if in a community of 1,000 people, one fourth 
of the population (250 persons) is exposed to noise levels in excess of 
a standard for 2 hours each day, the 24-hour total dosage would then be 
500 (250 persons x 2 hours) person-hours. The second criterion, the 
community dosage per capita is 500 person-hours divided by the total 
population of 1,000 persons, or 0.5 hours per capita. 

Four classes of activities are used in this analysis to measure noise impact. 
These input categories were derived from the BREIS land use analysis. 

Technical Memorandum No. 1. 

• Residential--People residing at home. 

• Institutional—Government employees and students at their 
respective institution (hospitals, schools, libraries, etc.) 

• Commercial--Retail employees working at commercial business 
(retail employment is representative of overall commercial 
growth in the forecast years) . 

• Industrial—Employees at industrial jobs. 

The FHWA PPM 90-2 standards, summarized in Table III-2, were applied 
to the above classifications in this study. Residential and institutional 
classes both came under FHWA land use categories B and E. The exterior 
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standard (FHWA Category B) is an L10 of 70 dBA and the interior standard 

(FHWA Category E) is an L10 of 55 dBA. Modern building structures 

reduce interior levels 10-20 dBA, depending on whether windows are 
open or closed and on the geometries of sources and building walls. 

Therefore, in general, compliance with the exterior level (70 dBA) under 
typical circumstances will cause compliance with interior level (55 dBA) . 
For the purposes of this study, only the exterior level is explicity examined. 

The commercial and industrial classes fall into the FHWA land use category C. 
This category specified a 75-dBA exterior level. 

GENERAL ASSUMPTIONS 

In performing the noise impact analyses in this study, the following general 
assumptions regarding the socioeconomic conditions, traffic projections, 
noise control regulations, and the effectiveness of planned noise abatement 
devices were made: 

• The traffic projections and land use growth which were described 
in Technical Memorandum No. 1 ("Socioeconomic and Land 
Use Analysis") and No. 2 ("Traffic and Travel Analysis") 
were employed; therefore, the underlying assumptions and 
methods involved in these studies became assumptions of 
the noise study. 

• The developmental process which resulted in the present 
land use adjacent to the roadways in the study area will continue 

unaltered through 1995. 

• Although there is active consideration on the part of many 
government agencies to regulate vehicular noise emissions, 
the effectiveness of such programs has not been established. 
Therefore, for this study, it was assumed that the emission 
of noise from vehicles, in particular trucks, would not change 
in future years. Even if future regulations result in the reduction 
of vehicular noise emissions, the relative community dosage 
among the alternatives will remain the same. 

• The noise abatement devices which are presently intended 

for installation, particularly along the 3-A system, will be 
effective in achieving their design goals. 

ORGANIZATION OF THE REPORT 

Chapter IV examines the present noise climate in the study area, including 
the results and implications of the field work program performed in this 
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effort. In addition, there is a validation section comparing the measured 
values near a freeway to the results of the sound propagation model. 
Chapter V presents the basic noise analyses. The community dosage in 

the BMATS area is discussed, the typical noise levels in the area outside 
BMATS are presented, the background noise levels are presented, and 
the impact of transit stations and other sources are analyzed. Finally, 
Chapter VI summarizes the results and presents the conclusions. 
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IV. EXISTING SOUND LEVELS 

In order to assess noise effects in future years it was necessary to characterize 

existing sound levels throughout the region, to define the sources of excessive 
sounds, and to develop a base from these data on which to validate the 
sound propagation model. 

SOUND MEASUREMENT PROGRAM 

An extensive field measurement program was employed throughout the 
study area. Measurement equipment included Bruel and Kjaer Sound Level 
Meter which conforms to the Type 2 American National Standards Institute 
(A.N.S.I.) specifications and appropriate International Electrotechnical 
Commission (I.E.G.) standards. The microphone was placed on a free- 
standing tripod and equipped with a spherical wind screen. Signals from 
the microphone were amplified by the sound level meter; in addition, 
the meter's A weighting network was employed. In this fashion the meter 
indicated the dBA sound levels at the microphone. For most of the measurements, 
the dBA signal was recorded on a strip chart recorder; samples of such 
recordings are given in the following sections. During all measurements, 
the nature and sources of the sound was recorded by the field technician. 

URBAN SOUND LEVELS 

Roadway Sounds 

Field measurements of roadway sounds were made for a variety of roadway 
design types and under different traffic conditions. Table IV-1 describes 
these measurements in detail and compares the measured values to values 
predicted by the sound propagation model. As can be seen from this table, 
almost all of the predictions are within one standard deviation of the measurement 
mean. Thus, the experimental field data validate the prediction technique. 
Sound levels near these roadways are often in excess of the L 1 „ dBA standard 

of 70 dBA and occasionally exceed the 75-dBA standards. As can be seen 
in the table, these levels can be exceeded by either major highways or 
heavily trafficked city streets. 

Reproductions of two typical graphs of sound levels are shown in Figure 
IV-1. The peak values in these graphs are caused by the passing of a 
heavy truck or a closely packed group of automobiles. Those peaks with 
sharp rise and fall times are related to single trucks and those with more 
gradual slopes to automobile clusters. 
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TIME (SECONDS) 

SOUND LEVELS NEAR MOUNT AND MULBERRY 

IN BALTIMORE CITY 

TIME (SECONDS) 

SOUND LEVELS AT PATTERSON & 

EASTERN IN BALTIMORE CITY 

FIGURE IV-1. TYPICAL URBAN ROADWAY SOUND GRAPHS 
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Non-Roadway Sounds 

In addition to the vehicle sound sources, other urban sources contribute 

to the sound levels in the study area. Measurements taken at locations 
removed from roadway indicate these other sources. Table IV-2 describes 

such measurements, and Figure IV-2 is a time graph of two sample measurements. 
As can be seen from these data, frequently non-roadway sources can significantly 

add to the urban sound levels. 

However, except for locations near jet aircraft, the peak levels are below 
those observed near roadways. 

RURAL SOUND LEVELS 

Table IV-3 describes measurements made in rural areas far removed from 
roadways; Figure IV- 3 shows the location of these measurements. As 

can be seen from the table, the noise levels are usually considerably lower 
than those near roadway or miscellaneous urban sources. The data from 

this table indicates that "natural" sources of sound produce a baseline 
L j 0 sound level of at least 40 dBA during the summer months. 

SUMMARY 

From the field sound measurement program, it was found that, depending 
on the location, the intensity and characteristics of the sounds in the study 
area vary considerably. Sound sources proximate to the location under 
question tend to dominate the sound levels. Locations in rural areas 
removed from highways and other man-made sound sources were characterized 
by sounds generated by the wind interacting with trees, fallen leaves 

and brush; in addition, at some locations, small animals and insect noise 
contributed significantly to the sound levels. In some rural areas the 
locust sounds were measured to reach peak levels of 70 dBA. Daytime 
L10 levels in these areas ranged from 50-55 dBA. The sound levels in 
residential and commercial areas in both rural and urban regions were 
usually predominated by nearby auto and truck traffic. L j 0 levels in these 
areas ranged from 45-80 dBA. This wide range in levels is due to the 
widely different local traffic volumes and speeds. The sound levels at 
various institutions were similar to those in residential and commercial 
centers. 

The sound levels near special sound sources such as airports, industries, 
and train tracks were often dominated or at least significantly influenced 
by these sources. A typical freight train in the study area generates sufficient 
sound energy that levels of 70 dBA were measured at distances up to 250 
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TIME (SECONDS) 

SOUND LEVELS BETWEEN B & O AND PENN 

CENTRAL RAILWAYS IN BALTIMORE CITY 

SOUND LEVELS IN SWANN PARK 
IN BALTIMORE CITY 

FIGURE IV-2. SAMPLE OF URBAN SOUND MEASUREMENTS AWAY FROM 
THE ROADWAY 
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TABLE rV-3 
SOUND LEVELS AT RURAL SITES REMOVED FROM ROADWAY 

(August 1973) 

Location Time of Day 

Howard County 6:10 am 
Off 195 & Md. 175E 

Anne Arundel County 6:45 am 
Off Md. 175E 

Perkins Clifton 7:15 am 
State Hospital 

Baltimore County 7:55 am 
Arlington St. near Rolling Rd. 

Trinity School 8:30 am 
Landing Road 

The Oaks Road off Md. 40 9:05 am 
in Baltimore County 

Off Pleasant Valley Road 10:00 am 
Off Rolling 

Social Security Building 1:15 pm 
Parking lot 

Hanlon Park 1:56 pm 
Baltimore City 

Rockdale Terrace 2:30 pm 
Off Md. Rte. 26 

Chittenden Road 3:10 pm 

Bastad Court 3:50 pm 

Beaver Road Park 4:25 pm 

Deer Pass Court 5:00 pm 

Daleview Road 5:35 pm 

Measurement 
L10 L50 L90 

57.9 56.0 55.5 

55.0 53.5 52.2 

55.0 51.7 50.5 

57.3 54.0 52.8 

61.0 56.0 49.0 

59.0 56.0 54.2 

62.4 . .56.0 48. 1 

63.0 59.0 56.6 

65. 1 56.5 50.0 

55. 1 51.4 49.0 

54.5 52.0 48.5 

58.5 52.0 48.0 

53.2 52.5 52.0 

57.0 50.1 45.0 

56. 1 49.8 46.5 

Comments 

Wooded area, distant train whistle, 
calm, birds 

Small animals, distant airplane, distant 
train, calm 

Distant lawnmower, voices, helicopter, 
distant train, calm, people walking, locust 

Distant small plane, dogs, locust, 
distant train station, birds 

Woods surrounding open field & school 
buildings, locust, birds, distant jet 
and small airplane 

Flat fields, distant airplane, slight wind 

Locust in woods back of line of houses, 
distant construction 

Distant traffic, few cars in search of 
parking stall 

Children playing, jet path overhead, open 
field 

Near elementary school, apartment complex 
locust, small airplane overhead, 1695 visible 
through trees 

Heavily wooded near golf course, birds, 
locust, helicopter 

Near Trinity College in hills, wooded, birds, 
locust, planes in distance 

Near brook, wooded on one side, locust, flat 
field on other side 

Up in hills, neighborhood with children 
playing, dog, distant lawnmower, cars returning 
home 

Hills, large residences, overhead airplane, 
moderately landscaped, secluded 
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feet from the tracks while the trains passed. Because the trains passed 
infrequently over most of the system, their contribution to the L10 sound 
level was often small; however, they were the source of maximum community 

sound levels in the area. Aircraft activities related to the major airports 
also contribute significantly to sound levels in regions below the flight 
paths. Many outdoor industrial activities contribute significantly to the 
sound levels in their proximity in the study areas. The sound levels in 
both rural and urban residential areas that are removed from major arterials 
and other sound sources are usually predominated by local traffic. The 
construction and design of individual residential developments, particularly 
apartment buildings and other multiple dwelling units, determines the 
extent to which sounds generated by people's activities at home intrudes 
on neighbors. 
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V. NOISE DOSAGE METHODOLOGY 

This section describes in detail the methodology used to calculate both the 
community noise dosage and the per capita noise dosage inside the BMATS 
area. Section VI evaluates the relative merits of the alternatives based on 
the results obtained using this methodology. However, a reading of this 
section is only informative to those interested in the technical details of 

the methodology. 

COMMUNITY DOSAGE INSIDE THE BMATS AREA 

The community dosage measured in total person-hours and per capita dosages 
from the roadway network were calculated for the following geographical 
areas: 

• Total area inside BMATS 

• Baltimore City 

• Baltimore County inside BMATS 

• Anne Arundel County inside BMATS 

• Howard County inside BMATS 

In each of the above categories, noise dosages were analyzed for the four 
land use classes: residential, institutional, commercial and industrial. 

The first step to calculate the community dosage of noise was to determine 
the present land use adjacent to each of the network roads. Each regional 
planning district (RPD) in the BMATS area was studied to determine these 
land uses. Figure V-1 is a schematic representation of an RPD land use 
and network map. The fraction of the total highway and major arterial miles 
adjacent to the different land use categories was measured from maps such 
as Figure V-1. Table V-1 is a hypothetical analysis of Figure V-1. The 
land use near network links which are neither freeways nor major arterials 
may differ from these categories; however, no accurate information was 

available to describe such a difference. Therefore, the simple assumption 

was made that the same percentages applied to all the roadways in the network 
system. 

The next step was to determine the density of each of the four land use categories 
for the 1970 Alternative (Existing); residential, commercial, institutional 
and industrial acreage were supplied from the BREIS socioeconomic analysis. 
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FIGURE V-1. ILLUSTRATION OF RELATIONSHIP BETWEEN LAND USE 
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TABLE V-l 
LAND USE-ROADWAY ANALYSIS OF RPD 707 (Figure 5-1) 

Total Length of Roads in RPD 132 

Length of Roads Adjacent to 

Residential Areas 24 

Length of Roads Adjacent to 

Commercial Areas 55 

Fraction of Road Adjacent to 
Residential Areas l|| = 18.2% 

Fraction of Road Adjacent to 
Commercial Areas 

lf2 = 41- 7% 

Fraction of Road Adjacent to 
Unoccupied Areas T32 = 40, 
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The densities were calculated as the ratios of: population to gross residential 

acreage; government employment and attendent students to institutional 
acreage; retail employment to commercial acreage; and intensive employment 
to industrial acreage. Except for Alternative 1 (1970, Existing) commercial, 
institutional and industrial acreages were not available. Thus, the densities 
for those alternatives were calculated differently as the product of the 
1970 density and the ratio of the current employment to the 1970 employment. 

To account for the location of the general population at different times 
of the day, a set of probability factors was developed to locate the people 

with respect to the four classes (residential, commercial, institutional 

and industrial) during each hour of the day. For example, a typical retail 
employee is not on the job at 2 a.m.; thus the 2 a.m. noise dosage he experi- 

ences cannot contribute to the commercial noise dosage. Appendix C contains 
additional diurnal variation information. 

The individual dosage from each link was then calculated using the appropri- 
ate land use information, respective densities and the individual link length, 
probability factor, and input from the noise prediction model. 

The following basic assumptions are implicit in the formulation of the com- 

munity dosage inside BMATS: 

1. In each RPD, the relationship between land use adjacent to 
roadways and the demographic composition of the RPD will 
remain constant in future years (i.e., a 10 percent increase 
in residential population will be accompanied by a 10 percent 
increase in residential land use adjacent to roadways) . 

2. The acoustic sound abatement devices in the present construction 

plans will be effective in achieving their design goals. 

3. The land use adjacent to the highways and major arterials 
is similar to the land use adjacent to the entire network road 
system. 

4. There is no significant reduction in acoustic energy generated 
by roadway vehicles in future years. 

Calculation Employed 

A computer program was developed which utilizes the ESL sound propagation 
model as shown in the flow chart. Figure V-2. Different types of input 
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FIGURE V-2. FLOWCHART OF BALTIMORE NOISE PREDICTION COMPUTER 
PROGRAM (1 OF 3) 
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FIGURE V-2. FLOWCHART OF BALTIMORE NOISE PREDICTION COMPUTER 
PROGRAM (2 OF 3) CONTINUED 
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FIGURE V-2. FLOWCHART OF BALTIMORE NOISE PREDICTION COMPUTER 
PROGRAM (3 OF 3) CONTINUED 
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were required. A description of the inputs for the noise analysis computer 
program is contained in Appendix D. A list of RPDs inside BMATS as 

shown in Table V-2 was used to select travel data from the travel simulation 
process (Technical Memorandum No. 2) . The analysis was summarized 
by jurisdiction as shown in Table V-3. To calculate noise dosages, the 
program utilized: 

• Socioeconomic data on the RPD level 

General RPD land use for 1970 

• Average daily traffic (ADT) information on the link level 
and vehicle miles of traveled (VMT) information on the RPD 

level 

• Diurnal distribution of traffic 

• Traffic mix and information on land use adjacent to major 

arterials and highways in each RPD . 

The computer program first screens out extraneous information, such 
as information about RPDs outside of the BMATS area. It then incorporates 
land use information adjacent to the highways and major arterials to calculate 
a probability of residences, institutions, industries, and commercial businesses 
existing near the major roadways. This was done for each of the 70 RPDs 
inside BMATS . 

Parameters used to determine the type of noise dosage to be computed are: 

• A choice of one RPD, all RPDs, or end program 

• The L10 dBA level at which the calculations are 
to be made 

• Year of the alternative to be calculated 

A choice between a 24-hour total dosage analysis or a breakdown 
into the following segments of the day: 

11 p .m. - 7a.m. 
7 a.m. - 9 a.m. 
9 a.m.- 4p.m. 
4p.m.- 6p.m. 
6 p .m. - 11p.m. 
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TABLE V-2 
•j, 

LIST OF VALID" RPDs 

Inside BMATS: 

101-126 

201-210 

303-331 

603-607 

Outside BMATS: 

211-217 

301-302 

401-406 

501-507 

601-602 

Inside Beltway: 

101-126/ 201, 314, 315, 316, 319, 320, 325, 326, 

329, 330 

Valid indicates an RPD which is used in this analysis. 
Some RPDs were present which were not relevant. 
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Once the type of noise dosage is determined, the program proceeds to 
calculate densities. The Alternative 1 was used as a baseline for future 
density calculations. The densities for the four classes of noise dosage 
are calculated for each RPD using the following equations: 

DR(I)=P/AR (1) 

where: 

D (1) = residential density Alternative 1 
R 

P = population in RPD 

A = gross residential area (square feet) 
K 

D (1) = (E (1) +S (1))/A (2) 

where: 

institutional density for Alternative 1 

government employment population in RPD for 
Alternative 1 

attendent student population for Alternative 1 

gross public facility area (square feet) 

Dc(1) =er(1)/ac (3) 

where: 

Dc = commercial density for Alternative 1 

E (1) = retail employment population in RPD for Alternative 1 
R 

A = gross commercial area (square feet) 
V-/ 

eg(1) 

V1' 
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Did(1) = EjdJ/Aj (4) 

where: 

Djp(l) = industrial density for Alternative 1 

Ej(l) = intensive employment population in RPD for Alter- 
native 1 

Aj = gross industrial area (square feet) 

For each of the future alternatives, the residential density is calculated 
with equation 1 above using applicable residential population and gross 
residential area. For these alternatives, the institutional, commercial, 

and industrial densities are calculated using the following equations: 

DC(N) =DC(1) xCe
r

(n)/e
r
(1)] (D 

where: 

D (N) = commercial density for Alternative N 
V-/ 

D (1) = commercial density for Alternative 1 

E^(N) = retail employment population in RPD 
for Alternative N 

Ejj(l) = retail employment population in RPD 
for Alternative 1 

DIS(N) = DIS(1) X [EG(N) + SA(N)]/[EG(1) + SA(1)] (2) 

where: 

D (N) = institutional density for Alternative N 
lo 

D 0(1) = institutional density for Alternative 1 
lo 

E (N) = government employment population in 
RPD for Alternative N 

Sa(N) = attendent student population in RPD for 
Alternative N 
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B U) government employment population in RPD 
for Alternative 1 

S (1) attendent student population in RPD for 
Alternative 1 

(3) 

where: 

industrial density for Alternative N 

intensive employment population in 
RPD for Alternative N 

industrial density for Alternative 1 

intensive employment population in 
RPD for Alternative 1 

The program next reads the traffic tape which contains information for every 
link in each alternative. The computer program has the capability either 
to do a specific RPD by reading through the tape and processing only the 
proper one or to process all RPDs inside BMATS. 

When calculation begins on each individual link, the program first determines 
if any pertinent information on roadway construction is available, i.e., 
noise barriers, or if the link is in a tunnel, etc. Sound level reductions 
due to acoustic sound level barriers are taken into consideration at this 
point in the computer program. All centroid connectors, minor arterials, 
and collectors are distinguished for later calculation. 

The roadway capacity, capacity speed, and average daily traffic are listed 
for each link. A table stating the percent of ADT by hours of the day and 

vehicular mix is used with the link information to calculate the traffic conditions 
during each hour of the day. Once this has been determined it is used 
to calculate an impact distance from the link for each hour of the day. 
This impact distance is the distance at which the appropriate noise standard 
is met; it is multiplied by the link length to determine the area in which 
the previously specified L j 0 dBA level is exceeded. Although the dosages 
calculated in this fashion only explicitly address roadway noise, adjustments 

to the noise propagation model were made to account for other types of 
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noise discussed in Chapter IV. Information on present and projected airport 
noise impact was considered in the final noise dosage calculations. Significant 
additional noise impact could affect the actual dosage in a few RPDs beyond 

the adjustments made. In any case, the relative ranking of noise exposure 
would not be strongly affected by this fact. 

Thus the person-hour dosage is calculated using the following equation: 

DOSAGE (CLASS )=PROB (CLASS)xLLxD (CLASS) xDIST (N) x2x 
FACT (CLASS ,N) 

where: 

CLASS 

PROB 

LL 

D(Class) = 

DIST (N) 

2 

FACT (CLASS N) = a factor which reflects for each class 
and every hour of the day the likelihood 
of being in the impacted area. 

Each of these 24-hour person dosages are summed and the next link is 

read and analyzed. 

When all the links in an alternative have been analyzed, the person-hour 
dosages are found at the RPD level. The program then sums these RPD 
dosages to provide community noise dosages by jurisdiction. 

either Residential, Institutional, Industrial 
or Commercial 

the probability that the class under consideration 
is close to the major arterial and freeways in 
the RPD that this link is in (Table V-3) 

the link length from the traffic data 

the density of the class in the particular 
RPD for the specific alternate under consideration 

withDR-DC'DIS-DID- 

the distance from the link for the hour 
under construction 

a factor allowing equal consideration of each 
side of the link 
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BALTIMORE REGION - 

TABLE V-3 

- JURISDICTION TO RPD CONVERSION TABLE 

Jurisdict ion 

Baltimore City 

Suburban Counties in Baltimore Region 

Anne Arundel County 

Baltimore County 

RPD 

109-110-111-116- 
117-118-119-120- 
123-124 

101-102-107-108 

103-104-105 

106-112-113 

114-115-122 

125-126 

121 

201-202-203 

205-208-209-210 

204-206-207 

211-212-213-214- 
215 

216-217 

301-302 

303-306-311-312 

304-305-309-310 

307-313 

308-314-315 

316-317-318-320- 
321-326 

322-327-328-329- 
330-331 

319-323-324-325 
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TABLE V-3 -- Continued 

Jurisdiction 

Carroll County 

Harford County 

Howard County 

RPD 

401-402-403 

404-405-406 

501-502-503 

504-505-506-507 

601-602-604 

603-605-606-607 
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VI. RESULTS AND EVALUATION 

RESULTS 

The noise impact in the Baltimore region for the land use-transportation 
alternatives in design years 1980 and 1995 was expressed in person-hours 

dosages and per capita dosages, reflecting the Federal Highway Administration 
PPM 90-2 guidelines. These land use transportation alternatives were 
ranked according to each of the two noise dosage criteria within each design 
year. This analysis was done in four land use classes (residential, institutional, 
commercial and industrial) for each of the following geographical areas: 

• Total area inside BMATS 

• Baltimore City 

• Ann Arundel County inside BMATS 

• Baltimore County inside BMATS 

• Howard County inside BMATS 

Each pair of class and jurisdiction is considered to define a population 
segment. Both indices are objective indicators of noise impact. However, 
since the population size varies between alternatives, the per capita index 
is more descriptive of the noise levels to which an individual will be exposed. 
For example, two population segments with similar noise levels will have 
similar per capita indices, although the larger population segment will 

have a larger total dosage. For this reason, per capita dosage will be 
used in most of the following discussion. (A detailed explanation of person- 
hours and per capita dosage is included in Chapter III. Table VI-I lists 
the results of the community dosage calculated for each alternative. 

One salient feature of the present and projected noise dosage is that the 
residential per capita noise dosage in Baltimore City is an order of magnitude 
greater than dosages in the rest of the BMATS area. However, the per 
capita commercial, institutional, and industrial dosages are approximately 
the same throughout the entire study area. The collection of intense commer- 

cial, institutional, and industrial development near roadways both inside 
and outside of Baltimore City account for this similarity. In contrast, 

the residential areas outside the City are generally removed from the roadway 
and consequently receive a considerably smaller dosage of noise. 
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In general, the per capita residential dosage has been considered the most 
representative index of noise impact. 

BMATS Area 

The results concerning the total study area inside BMATS will be discussed 
first. The per capita dosage often varies only by a few percentage points 
among the alternatives in a study year. In the discussion of the relative 

ranking of alternatives which follows, these small differences should be 
considered. Alternative 1 (1970) levels are used as a reference to the 
1980 and 1995 alternatives. The short-term (1980) effects in the BMATS 
area indicate that Alternative 5 (no 3-A) is best for all four classes. 
This top-ranking of Alternative 5 (no 3-A) is almost universal for all the 
population segments represented in Table VI-1. The relative ranking of 
Alternative 3 (complete 3-A) and 4 (3-A less Ft. McHenry Crossing) 
varies depending on which class is examined, but in most cases, the absolute 

difference is small. 

The long-term (1995) effects indicate that Alternative 7 (no 3-A, all other 
GDP improvements) produces the least per capita residential noise dosage. 
This alternative is ranked second for institutional and industrial per capita 
dosage and third for commercial per capita dosage. Alternative 9 (no 
3-A, no other GDP improvements) is ranked first for all classes except 
for residential where it is third. Alternative 6 (3-A, GDP improvement) 
is ranked fourth in all classes except for residential where it is ranked 
second. The high ranking of Alternatives 7 and 9 indicates the long term 
effects of not building the 3-A system on noise impact. The implications 
of building the GDP highways are mixed, based on the total BMATS dosage; 
however, as will be shown in subsequent sections, the area outside the 

Baltimore Beltway (1-695) is exposed to more noise if the GDP is built 
and less if it is not. The causes of the dosage increase are complex; but, 
in general, the development produces more traffic and higher densities 

Land use controls, which would offset this density growth, and traffic 
regulations, which would reduce the production of noise, could reduce 
the noise dosage. 

Baltimore City 

For Baltimore City, in the short term (1980) , Alternative 5 (no 3-A) 
ranks the best of all the classes. The relative ranking between alternatives 
3 (complete 3-A) and 4 (3-A, less Ft. McHenry Crossing) varies among 
the classes and the absolute values are very close. Alternative 3 ranks 

slightly ahead of Alternative 4 for per person residential dosage. 
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With the exception of the institutional class. Alternative 7 (no 3-A, all 
GDP improvements) has the least noise impact in 1995. This indicates 
the construction of the GDP system pulls both traffic and land development 
outside the City, resulting in a lesser dosage there. 

Alternative 6 (3-A, all GDP improvements) ranks second in the residential 
class per capita dosage and third in all other classes. Alternative 8 (3- 
A, no other GDP improvements) ranks the worst in all four classes; this 

indicates the traffic and land use implications of building the 3-A system 
only results in the highest per capita dosage in Baltimore City. 

Other Jurisdictions 

For Anne Arundel County, the short-term (1980) effects indicate that Alter- 
native 3 (complete 3-A) would produce the least noise dosage for all the 
classes. For most of the classes. Alternative 4 produces slightly less 
impact. 

The long-term alternatives (1995) rate Alternative 9 (no 3-A, no other 
GDP improvements) as the best choice for all but commercial classes. 
Alternatives 6 (complete 3-A and GDP improvements) and 7 (no 3-A, all 
other GDP improvements) are last or second to the last in all classes. 
The absolute numbers indicate that the substantial controlling factor is 
the construction of the GDP highways while the influence of the 3-A system 
is considerably less. These facts indicate the relative noise effects of 
building the GDP system in Anne Arundel County. 

Outside BMATS 

The community exposure to noise outside BMATS was analyzed for each 
of the 24 RPDs. Lack of detailed input data necessary for the community 

dosage noise prediction computer program used inside BMATS necessitated 
a different approach to analyze noise dosages outside BMATS. A more 
general approach was taken, and noise levels were predicted 100 feet 
from a typical roadway. A discussion of this approach is included in Appen- 

dix E. 

A computer program was developed to predict noise levels 100 feet from 
a typical roadway in each RPD. The input requirements are: area of 
the RPD, street miles and vehicle miles of travel. Results (Table VI-2) 
were summed according to political jurisdictions: Anne Arundel County, 

VI-7 



Baltimore County, Carroll County, Harford County and Howard County. 

The background traffic noise 100 feet from the roadway is low in all jurisdic- 
tions in all alternatives. With the exception of Howard County, in which 
the short-term (1980) effect of no development results in a small peak in 
the noise levels, the alternatives do not vary appreciably. 

The Contribution of Roadway Noise to Background Levels 

The calculation of roadway noise to the general background noise levels 
has been calculated in a manner similar to that described in Chapter III. 
Instead of calculating the noise level at a fixed distance of 100 feet, an 
algorithm was developed to calculate a "typical distance" from the road. 

The following equation was used to calculate the "typical distance" for 
each RPD. 

where: 

A = Area of RPD 

L = Total length of road in the RPD 

d = "Typical" distance 

This equation was developed on the hypothesis that a strip-width of twice 
the typical distance (d) surrounding the road should equal the area of 
the RPD. 

Table VI-2 shows the result of this calculation during the peak traffic hour. 
It should be noted that these values assume that the nearest road to the 

typical location is not shielded by the terrain or other features. Under 
these latter circumstances, levels 10-15 dBA less are realized. As can 
be seen from the values on this table, the roadway contribution is very 
often of the order 40 dBA or less. In this case, other sound sources are 
also significant contributors to the background noise. The field measurements 
program in Chapter IV indicates that non-roadway daytime sources usually 
result in noise levels in excess of 40 dBA. In examining the relationship 
between roadway sources and other sources, the reader should keep in 
mind the logarithmic nature of the dBA scale. Thus, a 40-dBA background 
noise and a 40-dBA roadway noise level do not produce an 80 dBA noise 
level. The combination is approximately 43 dBA. 
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Background roadway noise levels outside the BMATS are very low and 
will be masked by other sources for all the alternatives. The roadway 

source noise and "other" noise sources inside BMATS are comparable 
in intensity over most of the area. An exception is Baltimore City, where 
for all the alternatives roadway noise is a significant factor. In the short- 
term (1980) Alternative 3 (complete 3-A) has the greatest noise level 

in Baltimore City, although it is only 3 dBA below the lowest value; this 

shows the relative difference among alternatives is small. The long term 

(1995) has an even narrower spread (2.2 dBA) with Alternative 6 (3-A; 
and GDP improvement) producing the highest noise level. As previously 
discussed, most people cannot distinguish sound levels differing by only 

1 or 2 dBA. 

Transit Stations and Other Noise Sources 

Other sources of noise in the study area have been identified from the 

field program discussed in Chapter IV. These sources have been considered 
in the previously described dosage calculation. Noise from the planned 
rail mass transit system can be generated by two sources: the sounds 

generated by the rail system, and bus and auto activity at the transit stations. 
The available information indicates rail system noise will not produce 

significant noise impact. (8) At most of the stations, several hundred bus 
trips a day are expected. Although the bus traffic is small compared to 
the total truck traffic, in the vicinity of the station, this additional traffic 
can be significant. Proper design of bus routes and selection of buses 
will mitigate against this noise impact. In addition, the available information 
on the transit lines indicates that the system itself will not substantially 
contribute to exceeding the discussed L 10 levels. Although detailed informa- 
tion was not available, the present rail system, the jet aircraft activity, 
and industrial activities add noticeably to the noise climate near these 
facilities. Careful control of both new facilities and development near 
these facilities will serve to mitigate against additional noise intrusion. 

CONCLUSIONS 

The basic results of the noise analysis indicate, in general, that construction 
of the highways produces more per person noise dosage as well as total 
person hours. These facts are due to both the land use patterns and traffic 
generated by the highway. However, controlled land use growth and 
proper traffic regulations can reduce the noise dosage. Specific measures 
would include: 
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1. Traffic controls (e.g., speed control, synchronization of 

traffic lights, widening of streets, etc.) which would minimize 
the generation of vehicular noise and could reduce sound 
levels 5-10 dBA. 

2. The assignment of bus and truck routes to fewer streets will 
reduce noise levels 5-10-dBA along corridors where trucks 
and buses can be eliminated. 

3. Land use controls (e.g., location of roadside development, 
development designs, construction materials, etc.) can signifi- 

cantly reduce actual noise exposure of people. 

4. The installation of noise abatement devices over sensitive 
segments of the GDP Improvement Plan can reduce noise levels 
10-15 dBA in the vicinity of the roadway. Such devices could 
be similar to those planned for the 3-A system. 

The study indicates the major dosage to occur during the midday and early 
evening; therefore, abatement procedures should specifically address 
these impact hours. In addition, residential areas of the City of Baltimore 
are exposed to considerably more noise than outlying districts. Noise 
abatement should also address City residences. 

The noise dosage has been based on land use characteristics evaluated 
on a RPD level. A more detailed and sensitive evaluation of the noise dosage 
should perhaps be performed by inputing the adjacent land use associated 
with each highway link. At present, traffic conditions for each link in 
the network is available but actual land use data associated with each link 
has not been developed; therefore, a link sensitive noise analysis was 
not done. 

General Comments 

Based on the previous discussion, the general features of the long term 
trends established from the examples can be established for the region 

and as shown in Table VI-I. Figures VI-1 through VI-8 indicate these 
results on a map of the region. 

1. The noise dosage in the counties increases with the construction 
of the GDP improvements . 
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FIGURE VI-1. ALTERNATIVE 1: RESIDENTIAL PER-PERSON DOSAGE 
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FIGURE VI-2. ALTERNATIVE 3: RESIDENTIAL PER-PERSON DOSAGE 
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FIGURE VI-3. ALTERNATIVE 4; RESIDENTIAL PER-PERSON DOSAGE 
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FIGURE VI-4. ALTERNATIVE 5: RESIDENTIAL PER-PERSON DOSAGE 
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FIGURE VI-5. ALTERNATIVE 6: RESIDENTIAL PER-PERSON DOSAGE 
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FIGURE VI-6. ALTERNATIVE 7: RESIDENTIAL PER-PERSON DOSAGE 
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FIGURE VI-7. ALTERNATIVE 8: RESIDENTIAL PER-PERSON DOSAGE 
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FIGURE VI-8. ALTERNATIVE 9: RESIDENTIAL PER-PERSON DOSAGE 
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2. Constructing the GDP highway improvements primarily influences 

the per capita dosage of noise in the outlying districts, although 
it does produce some improvement in per capita dosage of 
noise inside the City of Baltimore. 

3. Construction of the 3-A system increases the noise dosage 

inside the City of Baltimore. 

4. Construction of the 3-A system primarily influences the per 

capita noise dosage in Baltimore City, while producing some 

improvements in the outlying districts. 
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APPENDIX A 

The following is a reproduction of the Federal Highway Administration 

Policy and Procedure Memorandum 90-2. 
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U.S. DEPARTMENT OF TRANSPORTATION 
FEDERAL HIGHWAY ADMINISTRATION 

POLICY AND PROCEDURE MEMORANDUM 

Transmittal 279 

9 0-2 

February 8, 1973 

NOISE STANDARDS AND PROCEDURES 

Par. 1. Purpose 
2. Authority 
3. Noise Standards 
4. Applicability 
5. Procedures 

Appendix A - Definitions 
Appendix B - Noise Standards 

1. PURPOSE 

To provide noise standards and procedures 
for use by State highway agencies and the 
Federal Highway Administration (FHWA) in 
the planning and design of highways approved 
pursuant to Title 23, United States Code, and 
to assure that measures are taken in the 
overall public interest to achieve highway 
noise levels that are compatible with different 
land uses, with due consideration also given 
to other social, economic and environmental 
effects. 

2. AUTHORITY 

Sections 109(h) and (i). Title 23, United 
States Code, state that guidelines shall be 
promulgated "to assure that possible adverse 
economic, social, and environmental effects 
relating to any proposed project on any 
Federal-aid system have been fully considered 
in developing such project, and that the final 
decisions on the project are made in the best 
overall public interest, taking into considera- 
tion the need for fast, safe and efficient trans- 
portation, public services, and the costs of 
eliminating or minimizing such a:dverse 
effects and the following; (1) air, noise, and 
water pollution; ..." and that "The Secre- 
tary, after consultation with appropriate 
Federal, State, and local officials, shall 
develop and promulgate standards for highway 
noise levels compatible with different land 
uses and after July 1, 1972, shall not approve 
plans and specifications for any proposed 
project on any Federal-aid system for which 
location approval has not yet been secured 
unless he determines that such plans and 
specifications include adequate measures 
to implement the appropriate noise level 
standards." 

3. NOISE STANDARDS 

a. Noise standards are appended as 
Appendix B. Federal Highway Administra- 
tion encourages application of the noise 
standards at the earliest appropriate stage 
in the project development process. 

b. There may be sections of highways 
where it would be impossible or impracti- 
cable to apply noise abatement measures. 
This could occur where abatement measures 
would not be feasible or effective due to 
physical conditions, where the costs of abate- 
ment measures are high in relation to the 
benefits achieved, or where the measures 
required to abate the noise condition con- 
flict with other important values, such as 
desirable esthetic quality, important ecologi- 
cal conditions, highway safety, or air 
quality. In these situations, highway agencies 
should weigh the anticipated noise impacts 
together with other effects against the need 
for and the scope of the project in accordance 
with other FHWA directives (PPM's 20-8, 
90-1, and 90-4). 

4. APPLICABILITY 

In order to be eligible for Federal-aid 
participation, all projects to which the noise 
standards apply shall include noise abatement 
measures to obtain the design noise levels in 
these standards unless exceptions have been 
approved as provided herein. 

a. Projects to which noise standards 
apply. The noise standards apply to all 
highway projects planned or constructed 
pursuant to Title 23, United States Code, 
except projects unrelated to increased traffic 
noise levels, such as lighting, signing, land- 
scaping, safety and bridge replacement. 
Pavement overlays or pavement reconstruc- 
tion can be considered as falling within this 
category unless the new pavement is of a 
type which produces more noise thab the 
type replaced. 

b. Approvals to Which Compliance 
with Noise Standards Is Prerequisite 

(1) Projects for which location was 
approved prior to July 1, 1972: Compliance 
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PPM 90-2 
Par. 4b(l) 

Transmittal 279 
February 8, 1973 

with noise standards shall not be a prerequisite 
to any subsequent approval provided design 
approval is secured prior to July 1, 1974. If 
design approval is not secured for such a proj- 
ect prior to July 1, 1974, compliance with the 
noise standards shall be a prerequisite to 
securing both design approval and approval of 
plans and specifications. However, such 
compliance shall not be a basis for requiring 
reconsideration of the highway location or any 
other approval action which has previously 
been taken for such projects. 

(2) Projects for which location is 
approved on or after July 1, 1972: 

(a) If location approval was 
requested on or before December 31, 1972, 
compliance with the noise standards shall be 
a prerequisite to obtaining design approval and 
approval of plans and specifications. Com- 
pliance with the noise standards shall not be 
a prerequisite to obtaining location approval, 
nor shall such compliance be a basis for 
requiring reconsideration of the highway 
location or any other approval action which 
has previously been taken for such projects. 
Combined location and design approval shall^ 
be handled in the same manner as separate 
design approval. 

(b) If location approval is 
requested after December 31, 1972, com- 
pliance with the noise standards shall be a 
prerequisite to obtaining location and design 
approvals as well as approval of plans and 
specifications. 

5. PROCEDURES 

The noise standards should be imple- 
mented at the earliest appropriate stage in 
the project development process. These 
procedures have been developed accordingly: 

a. Project Development. A report 
on traffic noise will be required during the 
location planning stage and the project design 
stage. The reports may be sections in the 
location and design study reports, or they 
may be separate. The procedures for noise 
analysis, identification of solutions, coordi- 
nation with local officials, and incorporation 
of noise abatement measures are as follows: 

(1) Nonapplicable Projects. If a 
State highway department determines (in 
accordance with paragraph 4a that noise 
standards do not apply to a particular project, 
the requests for location approval and design 
approval shall contain statements to that 
effect, including the basis on which the State 
made its determination. 

(2) Noise Analysis. For applicable 
projects, analyses of noise and evaluation of 
effects are to be made during project develop- 
ment studies using the following general steps: 

(a) Predict the highway-gener- 
ated noise level as described in the standards 
for each alternative under detailed study. 

(b) Identify existing land uses 
or activities which may be affected by noise 
from the highway section. 

(c) By measurement, determine 
the existing noise levels for developed land 
uses or activities. 

(d) Compare the predicted noise 
levels with the design level values listed in the 
standards. Also compare the predicted noise 
levels with existing noise levels determined in 
paragraph 5a(2)(c). These comparisons will 
be the basis for determining the anticipated 
impact upon land uses and activities. 

(e) Based upon the noise impacts 
determined in paragraph 5a(2)(d), evaluate alter 
native noise abatement measures for reducing 
or eliminating the noise impact for developed 
lands. 

(f) Identify those situations 
where it appears that an exception to the design 
noise levels will be needed. Prepare recom- 
mendations to be included in the traffic noise 
report. (This report may be a portion of the 
location and design study reports or it may be 
a separate report.) 

(3) Location Phase and Environ- 
mental Impact statement Keauirements. To the 
extent this PPM is applicable to the location 
phase of projects under paragraph 4, the noise 
report shall describe the noise problems which 
may be created and the plans for dealing with 
such problems for each alternative under 
detailed study. The level of detail of the 
noise analysis in the location phase should be 
consistent with the level of detail in which the 
location study itself is made. This informa- 
tion including a preliminary discussion of 
exceptions anticipated, shall be set forth in the 
location study report and summarized in the 
environmental impact statement (if one is pre- 
pared) and, as appropriate, at the location 
hearing (for location hearings after December 
31, 1972). Studies and reports for highway 
locations approved before December 31, 1972, 
need not include an analysis and report on 
noise. In such instances, the noise analysis 
and report will be required only for the design 
approval. 
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(4) Design Phase Requirements. The 
noise analysis prepared for the location phase 
is to be updated and expanded using the refined 
alignment and design information developed 
during the design studies. The report on 
traffic noise will include a detailed analysis 
of the anticipated noise impact, alternative or 
proposed abatement measures, discussion 
of coordination with local officials, and 
recommended exceptions. 

(5) Coordination with Local 
Officials on iJndeveloped Lands. Highway 
agencies have the responsibility for taking 
measures that are prudent and feasible to 
assure that the location and design of highways 
are compatible with existing land use. Local 
governments, on the other hand, have respon- 
sibility for land development control and zon- 
ing. Highway agencies can be of considerable 
assistance to local officials in these efforts 
with a view toward promoting compatibility 
between land development and highways. 
Therefore, for undeveloped lands (or proper- 
ties) highway agencies shall cooperate with 
local officials by furnishing approximate 
generalized future noise levels for various 
distances from the highway improvement, 
and shall make available information that may 
be useful to local communities to protect 
future land development from becoming incom- 
patible with anticipated highway noise levels. 

(6) Noise Abatement Measures for 
Lands Which are Undeveloped at Time of 
Location Approval 

(a) Noise abatement measures 
are not required for lands which are unde- 
veloped at the time of location approval; how- 
ever, the highway agency may incorporate 
noise abatement measures for such unde- 
veloped lands in the project design (if 
approved by FHWA) when a case can be made 
for doing so based on consideration of 
anticipated future land use, future need, 
expected long term benefits, and the difficulty 
and increased cost of later incorporating 
abatement measures. 

(b) For land uses or activities 
which develop after location approval, noise 
abatement measures should be considered for 
incorporation in the project in the following 
situations: 

It can be demonstrated 
that all practicable and prudent planning and 
design were exercised by the local govern- 
ment and the developer of the property to 
make the activity compatible with the pre- 
dicted noise levels which were furnished to the 
local government and especially that a con- 
siderable amount of time has elapsed between 
location approval and highway construction 

thus limiting local government's ability to 
maintain control over adjoining land uses. 

2 The benefits to be 
derived from the use of highway funds to 
provide noise abatement measures is deter- 
mined to outweigh the overall costs. 

3^ The noise abatement 
measures can be provided within the highway's 
proposed right-of-way or wider rights-of- 
way or easements acquired for that purpose. 

(c) There are some situations 
where the design noise levels should be 
applied to lands which are undeveloped at 
the time of location approval. Some of these 
instances occur where the development of 
new land uses or activities is planned at the 
same time as the highway location studies. 
Other instances occur where planning for 
the new development has preceded the high- 
way location studies but the development 
has been delayed. These types of situations 
should be treated as though the land use or 
activity were in existence at the time of 
location approval provided: 

The State highway 
agency is apprised of such prior planning. 

2_ The construction of the 
new land use or activity is started prior to 
highway construction or there is good reason 
to believe that it will start before highway 
construction. 

(7) Incorporation of Noise Abate- 
ment Measures in Plans and Specifications. 
For those projects to which the standards 
apply, the plans and specifications for the 
highway section shall incorporate noise 
abatement measures to attain the design 
noise levels in the standards, except where 
an exception has been granted. 

(8) Requests for Exceptions. 
Requirements and supporting materials for 
requests for exceptions to the design noise 
levels are described in paragraph 2 of 
Appendix B to this PPM. To the extent 
possible, consistent with the level of detail 
of the location study, identifiable exceptions 
should be reported in the location study report. 
The request for location approval shall con- 
tain or be accompanied by a request for 
approval of exceptions that have been identi- 
fied in the location stage. Supporting 
material may be contained in the location 
study report. Subsequent requests for review 
and approval of additional exceptions, if any, 
will be similarly processed in conjunction 
with design approval. 
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b. Federal Participation 

(1) Shifts in alignment and grade 
are design measures which can be used to 
reduce noise impacts. The following noise 
abatement measures may also be incorporated 
in a project to reduce highway-generated 
noise impacts. The costs of such measures 
may be included in project costs. 

(a) The acquisition of property 
rights (either in fee or a lesser interest) for 
providing buffer zones or for installation or 
construction of noise abatement barriers or 
devices. 

(b) The installation or construc- 
tion of noise barriers or devices, whether 
within the highway right-of-way or on an 
easement obtained for that purpose. 

(2) In some specific cases there may 
be compelling reasons to consider measures 
to "sound-proof" structures. Situations of 
this kind may be considered on a case by 
case basis when they involve such public or 
non-profit institutional structures as schools, 
churches, libraries, hospitals, and audi- 
toriums. Proposals of this type, together 
with the State's recommendation for approval, 
shall be submitted to FHWA for consideration. 

c. Approval Authority 

(1) Exceptions to the Design Noise 
Levels. The FHWA Division Engineer is 
authorized to approve exceptions to the design 
noise levels and alternate traffic charac- 
teristics for noise prediction as provided 
in paragraph 3b,' Appendix B. 

(2) Noise Prediction Method. Noise 
levels to be used in applying the noise stan- 
dards shall be obtained from a prediction 
method approved by FHWA. The noise pre- 
diction method contained in National Coopera- 
tive Highway Research Program Report 117 
and the method contained in Department of 
Transportation, Transportation Systems '■ 
Center Report DOT-TSC-FHWA-72-1 are 
approved as of the date of this issue for use 
in applying the noise standards. Other 
noise prediction methods or variations of the 
above should be furnished to the FHWA Office 
of Environmental Policy together with sup- 
porting and validation information for approval, 

Acting Federal Highway Administrator 
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DEFINITIONS (As used in this PPM) 

Design Approval - the approval (described in PPM 20-8) given by the Federal Highway 
Administration (FHWA) (at the request of a State highway department) based upon a design 
study report and a design public hearing or opportunity therefor. This action establishes 
FHWA acceptance of a particular design and is prerequisite to authorization of right-of-way 
acquisition and construction. 

Design Noisg Level - the noise levels established by the noise standards set forth herein 
for various land uses or activities to be used for determining traffic noise impacts and the 
assessment of the need for and type of noise abatement treatment for a particular highway 
section. 

Design Year - the future year used to estimate the probable traffic volume to be used 
as one of the primary bases for the roadway design. A time 20 years from construction is 
common for multilane and other major projects. Periods of 5 or 10 years are not uncommon 
for low volume roads. 

Developed Land Uses or Activities - those tracts of land or portions thereof which con- 
tain improvements or activities devoted to frequent human use or habitation. The date of 
issue of a building permit (for improvements under construction or subsequently added) 
establishes the date of existence. Park lands in categories A and B of Table 1, Appendix B,. 
include all such lands (public and private) which are actually used as parks on the date the 
highway location is approved and those public lands formally set aside or designated for 
such use by a governmental agency. Activities such as farming, mining, and logging are not 
considered developed activities. However, the associated residences could be considered 
as a developed portion of the tract. 

Highway Section - a substantial length of highway between logical termini (major cross- 
roads, population centers, major traffic generators, or similar major highway control ele- 
ments) as normally included in a single location study. 

LjO - the sound level that is exceeded 10 percent of the time (the 10th percentile) for the 
period under consideration. This value is an indicator of both the magnitude and frequency 
of occurrence of the loudest noise events. 

Level of Service C - traffic conditions (used and described in the Highway Capacity Manual- 
Highway Research Board, Special Report 87) where speed and maneuveraoility are closely 
controlled by high volumes, and where vehicles are restricted in freedom to select speed, 
change lanes, or pass. 

Location Approval - the approval (described in PPM 20-8) given by the FHWA (at the 
request of a State Highway Department) based upon a location study report and a corridor 
public hearing or opportunity therefor. This action establishes a particular location for a 

i, highway section and is prerequisite to authorization to proceed with the design. (Concurrent 
location and design approval is sometimes given for projects involving upgrading existing roads. 
In these instances, location approval is not a prerequisite to authorization of design.) 

Noise Level - the weighted sound pressure level obtained by the use of a metering charac- 
teristic and weighting A as specified in American National Standard Specification SI. 4-1971. 
The abbreviation herein used is dBA. 

Operating Speed - the highest overall speed at which a driver can travel on a given highway 
under favorable weather conditions and under prevailing traffic conditions without at any time 
exceeding the safe speed as determined by the design speed on a section-by-section basis. 

Project Development - studies, surveys, coordination, reviews, approvals, and other 
activities normally conducted during the location and design of a highway project. 

Truck - a motor vehicle having a gross vehicle weight greater than 10, 000 pounds and 
buses having a capacity exceeding 15 passengers. 
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NOISE STANDARDS 

1. Design Noise Level/Land Use Relationship 

r u- uThe desi£n noise levels in Table 1 (page B-4) are to be used during project development oi a highway section to determine highway traffic noise impacts associated with different land 
uses or activities in existence at the time of location approval. In addition, the table is to be 
used to determine the need for abatement measures for traffic generated noise for developed 
land uses and activities in existence at the time of location approval. Exceptions to the design 
noise levels may be granted on certain types of highway improvements or portions thereof when 
the conditions outlined in paragraph 2 are met. 

b. The exterior noise levels apply to outdoor areas which have regular human use and in 
which a lowered noise level would be of benefit. These design noise level values are to be 
applied at those points within the sphere of human activity (at approximate ear level height) 
where outdoor activities actually occur. The values do not apply to an entire tract upon which 
the activity is based, but only to that portion in which the activity occurs. The noise level 
values need not be applied to areas having limited human use or where lowered noise levels 
would produce little benefit. Such areas would include but not be limited to junkyards, industrial 
areas, railroad yards, parking lots, and storage yards. 

c. The interior design noise level in Category E applies to indoor activities for those 
situations where no exterior noise sensitive land use or activity is identified. The interior 
design noise level in Category E may also be considered as a basis for noise abatement 
measures in special situations when, in the judgment of FHWA, such consideration is in the 
best public interest. In the absence of noise insulating values for specific structures, interior 
noise level predictions may be estimated from the predicted outdoor noise level by using the 
following noise reduction factors: 

Window Condition 

Open 

Ordinary Sash 
Closed 
With Storm Windows 

Single Glazed 

Double Glazed 

Noise 
Reduction 

Due to 
Exterior of 
the Structure. 

- 10 dB 

20 
25 

25 

35 

Corresponding Highest 
Exterior Noise 
Level Which Would 
Achieve an Interior Design 
Noise Level of 55 dBA  

65 dBA 

75 
80 

80 

90 

Building Type 

All 

Light Frame 

Masonry 

Masonry 

Noise reduction factors higher than those shown above may be used when field measurements 
of the structure in question indicate that a higher value is justified. In determining whether 
to use open or closed windows, the choice should be governed by the normal condition of the 
windows. That is, any building having year round air treatment should be treated as the 
closed window case. Buildings not having air conditioning in warm and hot climates and which 
have open windows a substantial amount of time should be treated as the open window case. 

2. Exceptions 

a. The design noise levels set out in these standards represent the highest desirable 
noise level conditions. State highway departments shall endeavor to meet the design noise 
levels in planning, locating, and designing highway improvements. However, there may be 
sections of highways where it would be impracticable to apply noise abatement measures. This 
could occur where abatement measures would not be feasible or effective due to physical con- 
ditions, where the costs of abatement measures are high in relation to the benefits achieved 
or where the measures required to abate the noise condition conflict with other important values, 
such as desirable esthetic quality, important ecological conditions, highway safety, or air 
quality. 
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b. A request for ;in exception to tlv; design noise levels can be approved by the 
FHW \ proviaeu li-.e ;;iay agency nao supported us recuest by a written summary 
report demonstrating thai the loliowing steps nave been ta.sen and outlining tne 
results. 

(1) Identified noise sensitive land uses along the section of hisrhway in question 
which arc expectcd 10 experience luxure highway traffic noise levels in excess of the desicn 
levels. 

(2) Thoroughly com idered a 1 feasible measures that might be taken to correct or 
improve the noise condition. 

(3) Weighed the costs or effects of the noise abatement measures considered 
against the benefits which c; n be acaiev.-d as well as against other conflicting values such as 
economic reasonableness, esthetic impact, air quality, highway safety, or other similar 
values, and thereby established that reduction of noise levels to desirable design levels is 
not in the best overall public interest for that particular highway section. 

These decisions must ultimately be based upon case-by-case judgment. However, every 
effort should be made to obtain detailed information on the costs, benefits and effects involved 
to assure that final decisions are based on a systematic, consistent and rigorous assessment 
of the overall public interest. 

(4) Considered lesser measures that could result in a significant reduction of noise 
levels though not to the design levels, and included such partial measures in the plans and 
specifications to the extent that they meet the test of economic reasonableness, practicability, 
and impact on other values, in the same manner as outlined in paragraph 2b(3). 

c. In reviewing request for exception, the FHWA will give consideration to the type of 
highway and the width of the right-of-way. New freeway projects and most projects for the 
major reconstruction or upgrading of freeways allow for the use of noise control measures. 
Noise control measures are progressively more difficult to apply on other highways, par- 
ticularly on local roads and streets because of numerous points of access, at-grade inter- 
sections, limited ability to acquire additional right-of-way as buffer zones, and the impossibility 
of altering roadway grades, constructing noise barriers and taking advantage of the terrain and 
other natural features. 

d. Except in the most unusual situations, exceptions will be approved when the predicted 
traffic noise level from the highway improvement does not exceed the existing ambient noise 
level (originating from other sources) for the activity or land use in question. 

3. Noise Level Predictions 

a. Noise 1' vels to bo used in ar.plving these standards shall be obtained from a predictive 
method approved oy the FHWA. The predictive method and the noise level predictions should 
account for variations in traffic characteristics (volume, speed, and truck traffic), topography 
(vegetation, barriers, height, and distance), and roadway characteristics (configuration, 
pavement type, and grades). In predicting the noise levels, the following traffic characteristics 
shall be useJ; 

(1) Automotive volume - the future volume (adjusted for truck traffic) obtained from 
the lesser of the design hourly volume or the maximum volume which can be handled under 
traffic level of service C con lit ions. For automobiles, level of service C is considered to be 
the combination of speed and volume which creates the worst noise conditions. For those high- 
way sections where the design hourly volume or the level of service C condition is not anticipated 
to occur on a regular basis during the design year, the average hourly volume for the highest 
3 hours on an average day for the design year may be used. 

(2) S-ppr-d - the operatinij speed (as defined in the Highway Capacity Manual) which cor- 
responds with tiio design year traffic vniume .-elected in paracraph 3a(l) and the truck traffic 
predicted from paragraph 3a(3). The operating speed must be consistent with the volume used. 

(3) Truck volume - the design hourly truck volume shall be used for those cases 
wife re either the design hourly volume or levei of service C was used for the automobile volume. 
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Where the average hourly volume for the highest 3 hours on an average day was used for 
automobile traffic, comparable truck volumes should be used. 

b. There are instances where activities associated with a particular land use (such 
as churches, schools, and resort hotels or residences) do not coincide with design hourly 
volumes. This may be particularly true when the design hourly volumes are seasonally 
oriented or where the activity associated with the land use is somewhat infrequent. There 
are other instances where changes in land use can be reasonably expected to occur before 
design year volumes are realized. In such instances. State highway agencies may request 
approval to compute noise predictions using traffic characteristics different from those 
specified in paragraph 3a. Such requests should be made on a project-by-project basis 
and should be accompanied by a justification. 
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APPENDIX B 

DESCRIPTION OF ESL SOUND PROPAGATION MODEL 

The generation and propagation of sound in the urban environment is 
a complicated phenomenon involving such factors as topography, meteorology, 

and traffic conditions. Topography includes roadway characteristics 
as well as those of the surrounding area; meteorology includes wind 

speed, wind direction, wind shear, and humidity; traffic conditions 
include percent of trucks and percent of cars in the traffic volume as 

well as speeds of each type of vehicle. A computer model was developed 
to address these complex factors. This model has been used in many 
studies throughout the country in evaluating and calculating sounds 
from transportation systems such as the regional noise analysis which 
was performed for the Interstate 66 corridor in Northern Virginia and 
Washington D .C . using this model. 

Thus, in order to accurately calculate sound levels, the model separately 
addresses three aspects of urban sounds: 

• the generation of airborne sound from various sources 

• the propagation of sound in the atmosphere including the 
influence of meteorological conditions and local topographic 
features 

• the statistical nature of these processes 

The generation of sound from roadway vehicles depends on traffic conditions 
as well as roadway design. Increasing vehicle speeds or accelerating 
vehicles produce an increase in the generation of sound. The model 

calculates the variability of traffic and mean levels for each hour of 
the day. Statistical "clustering" and "voids" in spacing of vehicles 
is calculated for each hour. In addition, since trucks produce 15-25 
dBA more sound than automobiles, the mix of trucks in the traffic stream 
is an important feature in determining sound levels. The model requires 
as input, the 24-hour average daily traffic (ADT) and this percent of 
traffic during each hour of the day as well as the traffic mix, (in percen- 
tage of trucks and cars) to address this phenomenon. 

The propagation of sound in the atmosphere is governed by meteorological 
conditions as well as the presence of objects which can reflect, absorb. 
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or block sound in the atmosphere. Both roadside acoustic barriers and 

urban structures interfere with the propagation of sound in the atmosphere. 
Typical meteorological conditions for the Baltimore region as specified 
by the meteorological records at Baltimore-Washington International 
are used in the middle. The model calculates the influence of all these 

factors. 

As discussed above, the PPM-90-2 criteria have applied to this noise 

analysis. The criteria require an evaluation of the levels exceeded 10 
percent of the time; thus, it is necessary to address statistical Auctions 

and mean values of the sound levels. 
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APPENDIX C 

DIURNAL VARIATIONS IN COMMUNITY NOISE DOSAGE INSIDE BMATS 

Table C-l lists the diurnal variations for the jurisdictions inside BMATS. 
A column labeled "key" identifies the associated values. Key No. 1 
is the average person hour noise dosage between the hours of 11 p.m. 
and 7 a.m. for each of the four categories. Key No. 2 describes the 
average person hour dosage for hours between 7 a.m. and 9 a.m. 
Key No. 3 represents hours 9 a.m. -4 p.m. Key No. 4 represents 
4 p.m. - 6 p.m. Key No. 5 represents 6 p.m. - 11 p.m. See Figures 

C-lthrough C-4. 

As can be seen, the heaviest noise dosage for all classes occurs during 
the day - Key Numbers 2, 3, and 4 or hours 7 a.m. - 6 p.m. This seems 
consistent with the higher traffic volumes during daytime hours and 
especially for the commercial and industrial, the higher population densities 
during the day. Under the residential class we note a slight variation 
to this trend. Along with higher dosages during the day, there are 
also high dosages in the evening. This seems consistent with the knowledge 
that people are generally at their residences in the evening, thus, the 
residential density is high during those hours. Along with the higher 
density are the moderate traffic volumes in the evening causing a larger 
residential noise dosage during those hours. 

If measures are taken to control or improve the noise dosages, special 

attention should be placed on these hours; namely the daylight hours. 
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COMMUNITY DOSAGE INSIDE BMATS 
JHRISOICTfCN 
BALTIMORE CITY 

ALT.I 

ANNfc APUNDEL COUNTY 
ALT.I 

^AL T I MflPF COUNTY ALT. 1 

HOMAKO COUNTY 
ALT.I 

haltimopf CITY 
ALT.3 

ANNE ARUNDEL CfUNTY 
ALT.3 

BALTIMORE COUNT 
ALT.3 

HOWARD COUNTY 
ALT.3 

RESIDENTIAL 
IMPACT 

17078.38 
10786.05 
5545.81 
7046.19 

20778.56 
314946.50 
904896.00 

164.48 
92.69 
47.57 
61.08 

194.10 
?926.5 3 

195366.00 
6C8.74 
362.31 
185.79 
236.90 
726.52 

11000.33 
612080.00 

0.75 
0.40 
0.21 
0.26 
0.83 

12.92 
53753.00 
16499.50 
10526.60 
5396.77 
6667.84 

20170.60 
305363.94 
879791.00 

344.99 
187.91 
96.56 

124.43 
397.28 

6046.30 
257973.00 

1232.54 
700.23 
359.35 
459.25 

1436.85 
21077.06 

728760.00 
1.89 
0.98 
0.51 
0.65 
2.10 

32.48 
154660.00 

COMMERCIAL 
IMPACT 

161.51 
36079.91 
59881.50 
58721.31 

376. 11 
611819.06 
368359.00 

14.83 
2901.98 
4789.98 
4756.60 

32.83 
49125.82 
97169.00 

17.23 
3706.72 
6151.71 
6034.94 

39.12 
62874.79 

2194 78.00 
0.08 

15.13 
25.24 
25.40 
0.18 

259.32 
24538.00 

184.50 
41072.03 
68076.00 
6684 7.13 

427.23 
695813.88 
354056.00 

22.09 
4229.44 
6996.51 
6965.26 

47.85 
71773.63 

135916.00 
26.09 

5365.05 
8911.33 
8779.78 

58.26 
91159.50 

282579.00 
C.IO 

19.91 
33.02 
33.26 
0.23 

339.47 
79077.00 

INST I TUTIONAL 
IMPACT 

25.36 
9834.09 

13126.43 
12636.92 

42.37 
137222.06 
102534.00 

0.95 
288.98 
385.98 
378.99 

1.44 
4052.42 

15586.00 
7.17 

3061.93 
4078.13 
3951.49 

13.02 
42693.28 
65908.00 

0.27 
98.26 

132.04 
129.96 

0.44 
1385.07 
4904.00 

33.52 
12268.91 
16367.40 
15777.71 

53.80 
171181.06 
104701.00 

1.05 
326.64 
434.01 
430.67 

1. 70 
4569.46 

16214.00 
10.97 

4182.94 
5594.90 
5452.11 

18.90 58613.39 
72262.00 

4.65 
1465.58 
1954.54 
1957.40 

7.77 
20602.30 
18855.00 

INDUSTRIAL 
IMPACT 

0.0 
6026.29 

10928.05 
10546.93 

1853.08 
118897.56 
67831.00 

0.0 
1273.07 
2308.73 
22 76.02 
447.84 

25496.57 
13069.00 

0.0 
2997.69 
5453.16 
5286.52 
955.82 

59516.30 
42841.00 

0.0 
13.84 
25.27 
24.68 
4.57 

276.79 
2572.00 

0.0 
7054.50 

12812.60 
12403.06 
2233.97 

139761.31 
67302.00 

0.0 
1438.69 
2611.21 
2584.38 

509.97 
28872.60 
14208.00 

0.0 
3672.77 
6673.59 
6514.52 
1232.67 

73248.69 
45082.00 

0.0 
45.20 
81.08 
82.36 
16.56 

905.43 
6978.00 

NOTE: 
Key 1: 11 p.m. to 7 a.m. person-hours dosaqe 

2; 7 a.m. to 9 a.m. person-hours dosage 
3: 9 a.m. to ^ p.m. person-hours dosaqe 
U: U p.m. to 6 p.m. person-hours dosaqe 
5: 6 p.m. to 11 p.m. person-hours dosaqe 
6; 24-hour person-hours dosage 
7: Internal computer code 

TABLE C-1. DIURNAL VARIATION IN COMMUNITY DOSAGE INSIDE 
BMATS (PART 1 OF 4) 
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dALTI^CRf CITV 
Al T .4 

ANNf- ARUNOFL CCUNTV 
AL T.4 

RALTIMCKF COUNTY 
ALT.<» 

HOWARD COUNTY 
ALT.4 

BALTIHORe CITY 
ILT.S 

ANNE ARUNDEL COUNTY 
' alt.^ 

BALTIMORE COUNTY 
ALT.5 

HOWARD COUNTY 
ALT. 5 

16491.39 
10478.9<» 

53 7<,. 76 
6844.35 

20237.19 
3C5333.75 
676992.OC 

354.13 
193.05 
99.27 

128.37 
4C8.83 

6214.39 
260737.00 

1217.69 
689.99 
354.43 
452.84 

1416.62 
21589.51 

723S76.0C 
1.89 
0.98 
0.51 
0.65 
2.10 

32.45 
154525.OC 

15732.1* 
9734.82 

"atot.TT 
6357.16 

19227.92 
289026.63 
851644.00 

375.67 
203.96 
104.88 
135.45 
432.76 6581.60 

266364.Off 
1230.73 
697.27 
357.45 
456.85 

1429.92 
21803.84 

726376.00 
1.90 
0.99 
5." 51 
0.66 
2.12 

32.74 
152874.00 

839.62 
202397.56 
336402.69 
329042.06 

2029.08 
3433163.00 
1104194.00 

22.24 
4264.93 
7048.07 
7017.86 

48.22 
72313.63 

136010.00 
26.29 

5389.81 
8951.25 
8817.79 

58.48 
91567.00 

282691.00 

31.52 11634.44 
15569.61 
14947.32 

50.72 
162635.38 
103660.00 

1.06 
332.40 
434.03 
438.88 

1.70 
4597.57 

16249.00 
11.14 

4219.46 
5618.09 
5498.90 

19.12 
58944.99 
72346.00 

4.66 
1468.15 
1958.09 
1982.44 

7.79 
20682.53 
18905.00 

29.01 
10704.94 

0.0 
6811.21 

12370.95 
1 1980.61 
2151.23 

134924.63 
66945.00 

0.0 
1470.36 
2654.13 
2635.70 
519.58 

29387.00 
14348.00 

0.0 
3708.79 
6735.84 
6576.46 
1247.16 

73952.75 
45343.00 

0.0 
47.03 
85.48 
85. 38 
17.50 

950.64 
7015.00 

tTi 
6154.09 

11147.52 
10799.85 

1928.90 
121714.04 
64939.00 

0.0 
1573.44 
2849.70 
2818.78 558.63 31523.59 

15148.00 
0.0 

3811.08 
6930.91 
4747.29 
1281.87 

74077.5Q 
44481.00 

0.0 
 50.77 90.84 

92.42 
18.93 

1014.90 
7400.00 

NOTE: 
Key to 7 a.m. person-hours dosaqe 

to 9 a.m. person-hours dosaqe 
to *4 p.m. person-hours dosage 
to 6 p.m. person-hours dosaqe 

  to 11 p.m. person-hours dosaqe 
2^-hour person-hours dosage 
Internal computer code 

p.m. 
a.m. 
a.m. 
p.m. 
P 

TABLE 0-1. DIURNAL VARIATION IN COMMUNITY DOSAGE INSIDE 
BMATS (PART 2 OF 4) 
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BALTIMORE CITY 
ALT.6 

ANNE ARUNOEL COUNTY 
ALT.6 

BALTIMORE COUNTY 
ALT.6 

HOWARD COUNTY 
ALT.6 

BALTIMORE CITY 
ALT.7 

ANNE ARUNOEL COUNTY 
ALT.7 

BALTIMORE COUNTY 
ALT.7 

HOMARO COUNTY 
ALT.7 

16893.55 
10639.38 
5447.65 
6947.60 

20604.76 
311437.69 
906286.00 

733.59 
394.54 
202.13 
263.60 
844.23 

12820.49 
371656.OC 

2521.17 
1450.57 
747.94 
954.86 

2953.17 
44977.24 

908597.00 
4.91 
2.54 
1.32 
1.70 
5.46 

d4.31 
271744.00 

15346.01 
9385.24 
4812.70 
6137.26 

18667.94 
280804.25 
£6C 593•00 

676.19 
363.79 
186.41 
242.76 
777.40 

11813.99 
365718.00 

2291.78 
1324.32 
682.81 
871.78 

2690.68 
40955.18 

874704.00 
4.79 
2.49 
1.29 
1.67 
5.33 

82.37 
262828.00 

230.21 
50503.22 
83 798.06 
82239.19 

529.26 
856358.00 
429632.00 

26.69 
5217.25 
8592.11 
8616.94 

58.28 
88309.75 

170049.00 
37.03 

7542.66 
12544.08 
12369.49 

82.25 
128325.75 
342507.00 

0.13 
26.38 
44^06 
43.76 
0.29 

451.16 
96851.00 

192.49 
42172.84 
69981.75 
68677.75 

446.13 
715176.38 
405554.00 

26.08 
5042.47 
8354.31 
8351.74 

56.70 
85752.44 

158141.00 
36.48 

7418.48 
12333.17 
12168.55 

81.02 
126189.00 
340298.00 

0.12 
26.04 
43.49 
43.15 
0.29 

445.26 
93819.00 

37.96 
13839.16 
18446.88 
17789.47 

60.51 
192970.13 
115194.00 

2.13 
615.91 
823.21 
808.44 

3.15 
8643.18 

19961.00 
14.30 

5272.48 
7059.41 
6897.35 

24.12 
73986.75 
81243.00 

5.75 
1990.04 
2668.03 
2639.85 

9.27 
28026.70 
29051.00 

31.93 
11699.84 
15607.45 
15076.66 

50.58 
163292.75 
107714.00 

2.13 
619.22 
825.73 
810.14 

3.11 
8670.64 

20909.00 
14.78 

5379.23 
7222.09 
7013.96 

24.99 
755 79.75 
82162.00 

6.23 
2127.19 
2846.70 
2833.11 

9.89 
29945.05 
30201.00 

0.0 
 8682.65 

15757.3® 
15262.76 
2755.24 

171954.94 
78173.00 

dTo 
2742.98 
4942.71 
4922.22 

989.27 
54872. 31__ 
22252.00 

0.0 
7033.19 

12826.86 
12534.75_ 
2385.38 

140841.50 
62797.00 

0.0 
245.63 
448.35 
440.96 

88.86 
4955.79 

12850.00 

0.0 
7344.68 

13322.60 
12931.86 
2300.52 

145301.56 
73253.00 

o7o ' 
2805.59 
5100.33 
5055.69 
1019.73 

56520.21 
23434.00 

0.0 
7236.02 

13204.93 
12898.73 

2 460.46 
144997.19 
65939.00 

0.0 
2J4.45 
500.99 
490.27 
99.06 

5531.50 
13403.00 

NOTE: 
Key 1: 11 p.m. to 7 a.m. person-hours dosaqe 

2: 7 a.m. to 9 a.m. person-hours dosaqe 
3: 9 a.m. to 4 p.m. person-hours dosage 
4: 4 p.m. to 6 p.m. person-hours dosage 
5: 6 p.m. to 11 p.m. person-hours dosaqe 
6: 24-hour person-hours dosage 
7: Internal computer code 

TABLE 0-1. DIURNAL VARIATION IN COMMUNITY DOSAGE INSIDE 
BMATS (PART 3 OF 4) 
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MLTIMCRE CITY 
ALT.8 

•NNF ARUNOEL COUNTY 
ALT.8 

BALTIHORE COUNTY 
ALT.8 

HOWARD COUNTY 
ALT.8 

BALTIMORE CITY 
ALT.9 

ANNE ARUNOEL CCUNTY 
ALT.9 

BALTIMORE COUNTY ALT.9 

HOWARD COUNTY 
ALT.9 

2138^.13 
12996.70 
6637.72 
8^84.29 

25892.66 
389893.75 

10318C6.30 
*32.40 
234.98 
120.03 
154.11 
504.12 

?59 7.6* 
313726.00 

1890.58 
1054.15 
540.02 
691.20 

2179.54 
33290.39 

826899.00 
3.60 
1*86 
0.95 
1.22 
4.01 

61.67 
235840.00 

231.43 
49672.97 
82251.63 
81053.06 

532.03 
841518.50 
422027.00 

24.81 
4769.26 
7882.47 
7807.99 

53.95 
80793.38 

156451.00 
30.08 

6046.40 
10035.81 
9905.90 

66.45 
102717.44 
326265.00 

0.12 
24.21 40.59 
39.91 
0.27 

414.79 
93420.00 

40.33 
14331.68 
19081.31 
18451.69 

63.74 
199754.19 
116881.00 

1.40 
420.63 
558.92 
549.44 

2.11 
5874.22 

19040.00 
12.90 

4827.85 
6423.58 
6286.90 

21.89 
67403.94 
79520.00 

3.48 
L316.41 1706.89 
1751.19 

5.96 
18140.00 
28720.00 

0.0 
9124.59 

16535.30 
16055.51 
2931.59 

180751.13 
80786.00 

0.0 
1924.90 
3457.67 
3409.99 
670.18 

38221.6S 
20 733.00 

0.0 
4669.45 
8451.28 
8263.18 
1561.97 

92827,44 
56284.00 

0.0 
 Lli.ll- 244.85 

238.13 47.16 
2691.14 

10959.00 

19125.64 
11371.06 
5806.54 
7441.07 

23119.13 
346809.94 
978208.00 

196.90 
42136.72 
69722.69 
68893.50 

455.04 
713791.38 
405737.00 

33.52 
12047.57 
16017.07 
15492.57 

53.70 
167714.88 
108709.00 

0.0 
__751Ii14 

13615.95 
13231.98 
2389.89 

148786.69 
74845.00 

406.39 
220.68 
112.76 
144.87 
474.82 71*5.17 300163.00 

23.13 
4476.80 
7393.09 
7318.95 

50.55 7577*.*4 152448.00 

1.40 
425.56 
564.70 
557.19 

2.14 59M). 15 19599.00 

0.0 
1882,58 
3416.41 
3369,20 
666.22 .37 7*6.76 

19253,00 
1654.19 
925.95 
474.31 
606.69 

1916.75 
29200.27 

791041,00 

28.73 
5798.46 
9618.41 
9496.55 

63.72 
98457.25 

317523.00 

12.82 
4736.94 
6345.30 
6190.94 
'21.79 

66481.13 
79493.00 

0,0 
4645,75 
84 34,43 
8240.13 1568,79 

92650.13 
57405.00 

3.36 
1.75 
0.90 
1.16 
3.78 

57.97 
234481.00 

0.12 
23.49 
39.28 
38.70 
0.26 

401.57 
90013.00 

3.44 
1286.55 
1686.35 
1692.36 

5.75 
17817.48 
29824.00 

0.0 
132.14 
241.46 

 234.79 
46.7t 

2657,96 
11144,00 

NOTE: 
Key 1: 11 p.m. to 7 a.m. person-hours dosaqe 

2: 7 a.m. to 9 a.m. person-hours dosaqe 
3: 9 a.m. to ^4 p.m. person-hours dosaqe 
4: 4 p.m. to 6 p.m. person-hours dosaqe 
5: 6 p.m. to 11 p.m. person-hours dosaqe 
6: 24-hour person-hours dosage 
7: Internal computer code 

TABLE C-l. DIURNAL VARIATION IN COMMUNITY DOSAGE INSIDE 
BMATS (PART 4 OF 4) 
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APPENDIX D 

INPUTS FOR NOISE ANALYSIS 

The noise analysis modelling procedure required several data items 
in addition to the socioeconomic data (population, employment, etc.) 
reported in the technical memorandum on Socioeconomic and Land Use 

data. These requirements for each alternative were as follows: 

• Traffic data 

• Miles of streets by RPD 

• Miles of road on the RPD networks by RPD 

• VMT on the network 

• VMT on local streets 

• Bus trip ends at the rapid transit stations 

Traffic Data 

A system of data analysis programs was created in order to determine 
air quality and noise pollution for the alternative networks for the Baltimore 
region. Figure D-l contains the system flow of data from the final capacity 
network output to the link data summaries by regional planning district 
(RPD) and link classification. 

Rather than modify the existing pollution modelling programs to accept 

the Bureau of Public Roads (BPR) formatted network tapes, it was determined 
that existing computer programs could be utilized. The first of these 
programs was ANALHR. This program extracted only the necessary 
data used later by the various pollution models and link summary programs. 
The program eliminated the duplication of link data inherited by the 
BPR network and formatted the data so that it was easily understandable. 

The second program used was NETGEN which produced data that was 
input to both the air and noise models and link summaries. Table D-l 
contains the information of the data record used for link summaries and 
noise pollution analysis. For the SRI air pollution model, link data informa- 
tion was punched on cards for further processing. Only the primary 
routes and freeways were considered because of the limitations of the 
SRI model. There were three user subroutines compiled with NETGEN . 

These subroutines contained different environmental emission factors 
for each design year and were used in the CO emissions model. 
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The last data analyzing program executed was the AVADDR program. 

This program will summarize the various link attributes shown in 
Table D-l.. 

Miles of Streets 

It was not feasible to measure the length of all streets in the region in 
1970 or predict in detail the construction of additional local streets for 
each alternative. A sampling procedure was therefore adopted. Five 
classes of street density were chosen to represent the block spacing 

and subsequently miles of street for a given area. The 1970 road mileage 
was measured in several traffic zones in each category and divided by 

the total average to obtain street densities. 

Not all zones are fully developed for street use. To account for anomolies 
such as large golf courses, parks, cemeteries, etc., each traffic zone 
was assigned the percentage it was developed into streets at a given 
density. For 1970 the road mileage in any zone was equal to the product 
of its percentage developed into street use, its street density, and its 
area. The zonal street mileage was aggregated to RPD level for the 
noise analysis in 1970. 

For each alternative in the future, street mileage was considered a function 
of population. Future mileage was calculated for each RPD as the 1970 
mileage plus .003 times the net increase in population. Where there 
was a decrease in population road mileage was maintained at its 1970 
level to account for conversion of residential land to other use. No RPD 
was allowed to exceed the maximum road densities found in Baltimore 
City Fringe in 1970. One RPD, Columbia, which had an extremely large 
population increase, had to be adjusted by hand. 

As an independent check, national figures were obtained. In 1971 there 
were 593,047 miles of urban streets in the United States (Ref. 1) with 
a population of 208,90,000 people, of whom 65,000,000 were rural residents 

(extrapolated from the 1970 census in which there were 63,793,000 rural 
residents) . This is approximately .00412 miles of urban street per urban 
resident. The lower figure (. 003 miles per capita) used in our study 

applies only to net increase and allows for the present infrastructure. 
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networks and punched as input to the noise analysis. If 24-hour bus 

trips are desired, a factor of 10 can be used since 10.4 percent of daily 
bus seat miles are driven in the one-hour peak (Ref. 2) . 
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APPENDIX E 

GENERAL DISCUSSION OF ROADWAY BACKGROUND NOISE LEVELS 

In any urban or rural area, the local traffic is often a significant contributor 

to the background noise. This background noise level can be calculated 
in terms of the daily vehicle miles of travel (VMT) per miles of streets 

(MS) . The 24-hour mean traffic (t) on the street system is given by 

the following relationship: 

VMT 
MS 

The mean traffic (T (H)) during any one hour (H) is given by the percent 
(P (H)) of the 24-hour mean traffic which occurs during each particular 
hour. 

VMT 
T (H) = P (H) x t = P (H) x — 

Thus, if a typical residential dwelling is assumed to be a distance, d, 
from a road, then the expected L^dBA noise level can be calculated: 

L =N(T(H), d,S) 

Where: 

N is the function describing the noise level 
detected at distance (d) from a street with volume T (H) 
with traffic moving at some typical speed (S) . 

Figure A-l describes this relationship. For two areas with the same 

number of street miles per acre but different densities, the noise levels 
are related directly to the density, assuming the VMT is proportional 
to the density. Thus, in an area which has twice the density as the 
other, but identical street miles, the background noise level will be 
approximately 3dBA greater in the denser region (i.e., there are twice 
as many sources) . 
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DENSITY 
(VEHICLE MILES OF TRAVEL PER MILE OF STREETS 

WITHIN AN AREA) 

FIGURE E-1. BACKGROUND L-m dBA LEVELS A FIXED DISTANCE 
FROM A TYPICAL STREET 
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